More Value, Less Fuss. 

RF Design Made Simple. No, Really. 



QwikRadio® RF Receiver High Sensitivity, Fast Startup and Low Parts Count 




Desia PI I nC| an RF application just got easier. With 
the RKE market in mind, and long term experience in the 
automotive industry, Micrel's MICRF009 QwikRadio receiver 
makes creating a RF link in the 300MHz - 440MHz range 
faster and simpler. In addition, the process for designing 
an ASK/OOK receiver using Micrel's MICRF009 or other 
QwikRadio receiver ICs has been greatly streamlined. 

Simply download Micrel's new "Its OOK to ASK™" software 
from the Micrel's website at: www.micrel.com/ad/micrf009. 
Answer a few questions from the program and receive a 
suggested schematic and bill of materials based on your 
inputs. The program also provides a link to the Micrel's 
website to download all necessary board layout files for the 
suggested design. 

For more information, contact your local Micrel sales 
representative or visit us at: www.micrel.com/ad/micrf009. 
Literature: 1 (408) 435-2452 
Information: 1 (408) 944-0800 



© 2005 Micrel, Inc. All rights reserved. QwikRadio is a registered trademark and It's OOK to 
ASK is a trademark of Micrel, Inc. The QwikRadio ICs were developed under a development 
agreement with AIT of Orlando. FL. Hyundai XG350 photo courtesy of Hyundai Motor America. 



The Good Stuff: 
High Sensitivity 

MICRF009 has -104dBm sensitivity, 6dB improvement over 
MICRF002. 

Fast Startup 

MICRF009 recovers from shutdown in 1 ms. Time to good 
data is also 1 ms. This means only 2ms overhead when 
polling. 

Low Parts Count 

Only six external components, including the antenna, are 
necessary to implement an OOK Receiver. This simplicity 
translates to: faster time to market, lower BOM, faster 
production throughput, higher reliability. 

All of the MICRF009 attributes add up to More Value, 
Less Fuss. 
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InnovaMon Through Technology™ 

www.micrel.com 
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Access to over 540,000 part numbers from more 
#1 for Breadth of Product 
#1 for Availability of Produc 
#1 for On-Time Delivery 
#1 for Overall Performance 

Source: EE Times Distributor Evaluation Study, September 21 
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15A, SIMPLE, SMALL BUCK CONVERTER 



iP120x Synchronous Buck Power Blocks Reduce Board Space Up to 60% 



No external bias supply required 




Over-current hiccup or latch protection 



Over-temperature 
protection 
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Reference Designs 
Available 



IRDCiP1201-A 
IRDCiP1202-A 
IRDCiP1203-A 




Part Package , ! N 4 

# 3 (mm/max) 



iPI 201 



iP1 202 



NEW 

iP1203 



BGA 
9.25mm x 
15.5mm x 
2.6mm 



BGA 
9.25mm x 
15.5mm x 
2.6mm 



LGA 
9mm x 
9mm x 
2.3mm 



3.14V 
to 5.5V 



5.5V to 
13.2V 



5.5V to 
13.2V 



0.8V-2.5V for 3.3V, N 
0.8V-3.3V for 5V, N 



0.8V-5V for 12V, N 
0.8V-3.3V for<6V, N 



0.8V-8.0V for 1 2V, N 
0.8V-3.3V for <6V, N 



15A dual 
30A single 



15Adual 
30A single 



15A single 



Frequency 



200 - 400kHz 



200 - 400kHz 



200 - 400kHz 



International Rectifier's IPOWIH™ devices feature 
built-in, full function PWM control and protection 
circuits with optimized power semiconductors and 
associated passives, achieving high power 
density, while eliminating up to 20 or more critical 
discrete components. 

Features 

• Reduces board space up to 60% 

• Over 90% efficient (1 2V, N , 3.3 V 0UT @1 5A) 

• Reduced design complexity versus 
discrete solutions 

• Saves up to 3 months design time 

• Node-rating up to 90°C PCBand 
case temperature 

Let International Rectifier's online simulation 
support at mypower.irf.com and reference 
design kits help you with your next design. 



iPOWIR'is a trademark of International Rectifier 



for more information call 1 .800.981 .8699 or visit us at 

www.irf.com/dcdc 



International 
IOR Rectifier 

THE POWER MANAGEMENT LEADER 





Atmel's ARM®- based 32-bit microcontrollers are winners. They have already picked 
up four prestigious awards from readers of industry leading magazines*. Why? 
Because they give you exactly what you want. On-chip Flash memory. USB & Ethernet 
connectivity. DMA to eliminate internal bottlenecks. Supervisory functions. All this at the lowest 
possible power consumption and unit price, plus code compatibility across the entire product 
family. So, make your application a winner by backing a winner: Atmel's AT91SAM Smart 
ARM-based microcontrollers. 

* EEProductCenter Ultimate Product (Processor & Memory) for Q4 2004 and again for Q4 2005, 
Embedded Control Europe Gold Award (Micros & DSP) for H2 2005, 2006 EETimes ACE Award 
Ultimate Product of the Year. 

Learn more about our AT91 products by visiting our web site, at www.atmel.com/ad/at91 and 
register to qualify for a free AT91SAM7 development kit. You will also receive an AT91 DVD with 
extensive product documentation, training material, application notes and code samples. 

HI Check out Atmel's AT91 solutionsatwww.atmel.com/products/at91 



amel 



© Atmel Corporation 2006. All rights reserved. Atmel®, logo, oombina.ions thereof, Everywhere You Are® and others are registered 
trademarks of Atmel Corporation or its subsidiaries. ARM® is the registered trademark of ARM Ltd. Other terms and product names may 
be trademarks of others. 



Everywhere You Are c 



Support Across 



The Board 



Starting with in-depth design support all the 
way through to total supply chain management - 
Avnet Electronics Marketing is there for you. 
From concept to reality, we deliver: 



Consultative engineering 
support and services 



fit*?- 




Focused product specialization 



The broadest supplier partnerships 



in the industry 



Over $1 billion in top moving 
inventory "on the shelf" 

World-class supply chain services 

But, partnering with Avnet Electronics 
Marketing means much more than just 
having access to the industry's broadest 
array of design and supply chain services. 
It means working with a company that is truly 
focused on exceeding your needs and 
expectations - a company that is dedicated 
to giving you Support Across The Board.™ 

Ready. 
Set. 

Go to market.™ 




AVNET 

electronics marketing 



Enabling success from the center of technology ' 



Avnet Green Initiative 



1 800 332 8638 
www.em .avnet.com 

5) Avnet, Inc. 2006. All rights reserved. AVNET is a registered trademark of Avnet, Inc. 



Ultimate Performance 





Achieve highest system speed 
and better design margin with 
the world's first 65nm FPGAs. 



Industry's 
fastest 
90nm FPGA 
benchmark 



Logic On-chip 
Fabric RAM 
Performance 550 MHz 



DSP I/O LVDS I/O Memory 

32-Tap Filter Bandwidth Bandwidth 
550 MHz 750 Gbps 384 Gbps 



Virtex-5 FPGAs 



Virtex-4 FPGAs 



Nearest Competitor 



Numbers show comparision with nearest competitor 

Based on competitor's published datasheet numbers 



Virtex™-5 FPGAs feature ExpressFabric™ technology on 65nm triple-oxide 
process. This new fabric offers the industry's first LUT with six independent 
inputs for fewer logic levels, and advanced diagonal interconnect to enable 
the shortest, fastest routing. Now you can achieve 30% higher 
performance, while reducing dynamic power by 35% and area by 45% 
compared to previous generations. 

Design systems faster than ever before 

Shipping now, Virtex-5 LX is the first of four platforms optimized for 
logic, DSP, processing, and serial. The LX platform offers 330,000 logic 
cells and 1,200 user l/Os, plus hardened 550 MHz IP blocks. Build deepe 
FIFOs with 36 Kbit block RAMs. Achieve 1.25 Gbps on all l/Os without 
restrictions, and make reliable memory interfacing easier with enhanced 
ChipSync™ technology. Solve SI challenges and simplify PCB layout with our 
sparse chevron packaging. And enable greater DSP precision and dynamic 
range with 550 MHz, 25x18 MACs. 

Visit www.xilinx.com/virtex5, view the TechOnline webcast, and give 
your next design the ultimate in performance. 




£XIUNX S 

The Programmable Logic Company™ 

www.xilinx.com/virtex5 



The Ultimate^^sten^nte^rat^ 



©2006 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other trademarks are the property of their respective owners. 



The Test Platform of Choice for 
Thousands of Companies Worldwide 



Microsoft 
Boeing 
BAE Systems 
Lockheed Martin 
United States Air Force 
Honeywell 
Saab 

Johns Hopkins University 
Pyrex 
DePuy, 

a Johnson & Johnson Company 



Samsung 

Stanford University 

National Institute of 
Oceanic Technology 

Lund Institute of Technology 

Sandia National Laboratories 

Lexmark 

Magneti Marelli, a Fiat company 
Renault 

Summitek Instruments 
United States Navy 




PXI is a modular, software-defined platform 
for measurement and automation systems. 

• Open industry standard supported by more than 
70 vendors and 1,200 products 

• Highest-accuracy instruments, including the highest- 
resolution digitizer with -120 dBc typical SFDR 

• Industrial-grade, cost-effective system based on 
standard PC technologies 

• Direct connectivity to existing instruments using 
GPIB, Ethernet/LAN, USB, CompactPCI, 
PCI, and PCI Express 

• Software-defined configuration and automation with 
National Instruments LabVIEW and LabWindows/CVI, 
C/C++, Nl TestStand, and Microsoft .NET 



Choose from a complete set of PXI chassis, 
controllers, and modular instruments from Nl. 



PXI Chassis 


3U, 6U, rack-mount, 4 to 18 slots 


PXI Controllers 


Remote or embedded 


Digitizers/Oscilloscopes 


Up to 24 bits, 250 MS/s 


Signal Generators 


Up to 16 bits, 200 MS/s 


High-Speed Digital I/O 


Up to 400 Mb/s 


RF 


Up to 6.6 GHz, 20 MHz RTB 


Digital Multimeters 


Up to Th digits, LCR, 1,000 V 


Programmable Power Supplies 


Up to 20 W, 16 bits 


Audio Analyzers 


Up to 24 bits, 500 kS/s 


Switches 


Multiplexers, matrices, RF, relays 


Multifunction I/O 


Analog I/O, digital I/O, counters 




To learn why each of these customers chose PXI, /onft . OQ1 ooyM 

. . (oUU) o"l oo41 

visit m.com/pxi. 



© 2006 National Instruments Corporation. All rights reserved. CVI, LabVIEW, National Instruments, Nl, and ni.com are trademarks of 
National Instruments. Other product and company names listed are trademarks ortrade names of their respective companies. 
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FPGAs balance lower 
power, smaller nodes 
drip by drip 

l— The FPGA industry 
r \ faces the Sisyphean 

v^task of addressing 
demand for low-power operation, 
even as vendors face the lure of 
performance, density, and price- 
per-gate advantages of the 65- 
nm-process node. 

by Michael Santarini, Senior Editor 



Making vehicles 
safer by making 
them smarter 

A New features must be 
XI V>) smarter to add value 

" K.J without distracting the 
driver and increasing the risk of 
accidents. by Robert Cravotta, 
Technical Editor 
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RFIDtags 
driving toward 
5 cents 

^\ RFID-tag prices 
\ \ haven't yet reached the 
\J magical 5-cent mark, 
but aggressive changes in tech- 
nology are pushing down their cost 
and improving performance. 

by Charles J Murray, 
Technical Editor, Design News 

Stacked-chip-scale- 

package-design 

guidelines 

f m ^^\ Design optimization 
/ \^ helps to avoid manu- 
I facturing problems, 

to maximize product performance, 

and to achieve lowest packaging 

cost. 

by Mark Gerber, Texas Instruments, 
Moody Dreiza, Amkor Technology 



Obtain a lower dc voltage from a higher voltage power supply 
Line-powered driver lights up high-power LEDs 
Rectifier tracks positive and negative peaks 
Isolated indicator signals telephone line's status 
Circuit converts DAC's outputs from single-ended to differential mode 
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32 Audio IC controls power amp 



Tool analyzes leakage for MTCMOS designs 
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Pulse/pattern generators produce clean waveforms, 
clean user interface 
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controller hits nanoamp-current levels 
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Whatever your next innovative idea is, 
we'll help you design it. 

Philips Automotive Solutions. Car manufacturers today have the ability to 
make cars more dynamic and exciting than ever before, while at the same time 
further improving safety, security, comfort and convenience. Solutions now available 
are transforming automobiles into intelligent and intuitive machines. Machines that 
can enhance our driving reactions and help make every journey enjoyable. This 
is the promise of the connected car. And it's becoming a reality, thanks to Philips' 
solutions for high-speed, high-bandwidth networks and advanced infotainment 
systems. Advanced silicon from Philips is helping connect body, chassis, powertrain 
and safety systems to form a single intelligent machine. Philips is also leading the 
way in connecting the car and its occupants to the world. Switch on the car radio 
or plug in a portable media player for a listening experience that matches the 
quality of home hi-fi systems. With solutions and services tailored to your needs, 
Philips Semiconductors will be there every step of the way. 



PHILIPS 



sense and simplicity 



www.philips.com/auto 
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Check out these online-exclusive articles: 
TSMC shows road map details 
at symposium 

Foundry details progress and potholes 
on the road to 65- and 45-nm processes. 
www.edn.com/article/CA63361 94 

Stereo-amp design team 
exterminates noise sources 

Design decisions: Circuit innovations tailor 
Maxim Class AB amplifier for portable- 
audio applications. 

www.edn.com/article/CA6336585 

MANY WAYS TO GET EDN 

Free online: We deliver the contents 

of every issue for free (and have done I 

so since 1 996). Look for the "Current 

Issue" and "Archives" links at the top 

of the home page. 

Digital subscription: If you prefer to 
subscribe and receive the entire issue 
in one chunk, check the link below for I 
information about our digital-subscrip- I 
tion option. 

www.edn.com/info/1 23732.html 

E-mail newsletters: Our free e-mail 
newsletters deliver all of the articles 
from the print edition, along with Web- 
exclusive articles, links to useful non- 
EDN resources, and more. Check out 
our titles and start your subscriptions. 
www.edn.com/newsletters 

RSS feeds: We also deliver EDN arti- 
cles through a series of RSS feeds. 
Follow this link for background infor- 
mation on RSS and the locations of 
ED/V's feeds. 

www.edn.com/rss 



A selection of recent articles receiving 
high traffic on www.edn.com. 
Designers cast a skeptical eye 
on mixed-signal SOCs 

The functions are necessary, but integration 
challenges keep analog IP out of the main- 
stream for SOC design. 

www.edn.com/article/CA6330094 

Baker's Best: 

Charge your SAR-converter inputs 

It is tempting to drive a SAR (successive- 
approximation register) ADC with just an 
amplifier. However, did you think about 
whether you would compromise the effec- 
tiveness of your op-amp/converter pair? 
www.edn.com/article/CA6330093 

Design Idea: JFET cascode boosts 
current-source performance 

A constant-current source minimizes the 
reference circuit's sensitivity to supply- 
voltage fluctuations and extends the 
voltage reference's operating voltage 
beyond its 5.5V maximum rating. 
www.edn.com/article/CA6330095 

Fabless-ASIC company tries new model 

Maybe the world isn't beating the bushes 
to find another fabless-ASIC company. But 
start-up Key ASIC believes that it has a 
model— an application-specific approach— 
that's just different enough to make a place 
for itself beside the relative giants. 
www.edn.com/article/CA63301 03 



EDN RECENTLY WON THREE NATION- 
AL AWARDS FROM THE ASBPE 

The American Society of Business 
Publication Editors (ASBPE) honored us 
with wins in three categories. Follow the 
links below to see our winning entries. 
Best regular department (Prying Eyes): 
www.edn.com/article/CA62931 4 

Best redesign issue (June 9, 2005): 

www.edn.com/toc-archive/2005/ 
20050609.html 

Best computer-generated cover art 
(Aug 18, 2005): 

www.edn.com/article/CA633440 

FROM THE VAULT 

Articles and extras from the EDN 
archives relating to this issue's contents. 
FPGAs BALANCE LOWER POWER, 
SMALLER NODES DRIP BY DRIP 

(pg 58): 

Heat wave: FPGAs confront increas- 
ing, evolving power consumption 

www.edn.com/article/CA43831 
Low-power FPGAs target 
portable market 

www.edn.com/article/CA6281 905 

STACKED-CH I P-SCALE-PACKAG E- 
DESIGN GUIDELINES (pg 79): 
Rework within your reach 

www.edn.com/article/CA447009 

CHOOSING ANTIALIASING-FILTER 
AMPLIFIERS (pg 44): 
Build an adjustable high-frequency 
notch filter 

www.edn.com/article/CA272751 
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Find out how Ramtron can raise the standard of your next design by 
calling 1-800-943-4625x208 or simply email mcuinfo@ramtron.com 




High performance MCU: 

• 40-MIPS, single-cycle 8051 core 

• 40 MHz precision internal oscillator 

• MAC and Div unit for DSP operations 

• 64KB ISP/IAP Flash, 4KB SRAM 

• Robust set of enhanced, highly 
configurable digital peripherals 



8K Bytes FRAM: 

• No Delay writes 

• Unlimited read/write endurance 

• True nonvolatile RAM (no battery required) 

• No algorithms or protocols to write data 

• Byte-addressable writes 



International Corporation 



www.ramtron.com 



Copyright ©2006 Ramtron International Corporation 1850 Ramtron Drive, Colorado Springs, CO 80921 
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Atolutely Simple. v 



The MLX90316 Absolute Rotary Position Sensor IC 
Simplifies 360-Degree Rotary Position Applications 



Rotary Sensing Revolution 

A revolution in absolute rotary non-contact 
position sensing is here. The MLX90316 
provides simple, robust solutions for 
drive-by-wire, contactless potentiomenter, 
industrial position and height sensing 
applications. Using an inexpensive magnet 
and a three point calibration scheme, the % 
user can achieve ± 1 degree accuracy 
with 12-bit resolution on 360 degrees of 
rotation and over the full rated operating 
temperature range. 

Introducing Triaxis™ Technology 

The MLX90316 uses Melexis Triaxis™ 
magnetic sensing technology to achieve a 
low cost, highly adaptive, programmable 
solution. This technology employs patented 
Integrated Magnetic Concentrator (IMC®) 
technology and standard Mixed Signal 
CMOS IC fabrication to achieve its 
outstanding performance. Fully qualified 
to the toughest automotive standards and 
produced in Melexis ISO/TS16949 certified 
facilities, the MLX90316 can meet your 
rotary position sensing needs in the most 
demanding conditions. 



• Full 360 degree or limited angle applications 

• Selectable Analog, PWM or Serial Protocol Output 

• Programmable Gain and Offset 

• Unique ID Number 

• Available in Single Die S08 

Available in Dual Redundant DieTSSOP16 

• Lead-free RoHS compliant 

Contact us for samples 
and technical assistance: 

+1 (603) 223 2362 

or visit our website: 

www.melexis.com 
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Small things make a big difference. 



E D N . C O M M E N T 




BY MICHAEL SANTARINI, SENIOR EDITOR 



Spare us the drama, please 

Cadence Design Systems late last month announced an 
ambitious and seemingly noble effort to create a com- 
mon format so that tools throughout the design flow 
could share common data on power management. I've 
covered a number of EDA "standards efforts," and they 
tend to have more hidden agendas, back stabbings, and 
melodrama than the cheesiest soap operas. Eventually, the industry 
achieves its goals but typically not without months or years of delay due 
to unnecessary drama. 



This initiative is tackling a crucial, 
time-sensitive problem. It's certainly no 
secret that low power — especially as it 
concerns leakage and heat — is becom- 
ing a bigger issue each time the indus- 
try moves toward finer process geome- 
tries. But power problems have 
become so bad that folks such as IBM's 
(www.ibm.com) Chief Technology 
Officer Bernard Meyerson have said 
that CMOS has now reached the peak 
level of modular heat flux (watts/cen- 
timeters squared) that made the indus- 
try drop bipolar technology as the 
mainstream- IC-design material in the 
late 1970s. 

At the time, CMOS had several 
undesirable characteristics, but the 
industry adapted it anyway because of 
one huge advantage: CMOS was 
much lower powered than its bipolar 
counterpart. 

Meyerson's presentation on the sub- 
ject at the Global Press Summit in 
Monterey, CA, in February shows that 
a common household steam iron uses 
approximately 5W/cm 2 . Bipolar tech- 
nology reached its peak at 14W/cm 2 
and then went the way of wafer- scale 
integration. According to Meyerson's 
presentation, CMOS today has also 
reached 14W/cm 2 . 

But Cadence executives point out 
that, this time, the industry has no new, 
super- low-power silicon process to eas- 
ily adopt. So, the IC-design chain has 
to figure out a way to stretch the life of 



CMOS and find ways to manage power 
and heat. Foundries and equipment 
makers are working to reduce power 
and heat on their new CMOS process- 
es by adopting thicker oxide transistors, 
low-power libraries, SOI (silicon-on- 
insulator) technology, and MTCMOS 
(multithreshold CMOS). 

About four years ago, EDA compa- 
nies, most notably Apache Design 
Solutions (www.apache-da.com), fore- 
saw the problem and introduced tools. 
At the last Design Automation Con- 
ference in June 2005 in San Francisco, 
almost a dozen EDA vendors offered 
power tools. Most of these tools deal 
with power at the back end of the 
design process, during physical design 
and analysis. And so far, only one EDA 
vendor, Gradient Design Automation 
(www.gradient-da.com), deals with 
on-chip thermal technology. 

Now, Cadence's (www.cadence. 
com) "Power Forward" initiative aims 
to derive a common power format that 
allows tools at the front of the design 
process — at the RTL and even higher 
at the chip architectural level — to 
share power data with back-end tools, 
libraries, and perhaps even manufac- 
turing. 

But Cadence is really not the first 
company most folks think of when the 
topic of low-power design tools pops 
up. Cadence does, however, have a 
lot of pull, because it is the largest 
EDA company and seemingly has the 



largest ASIC-designer user base. 

Cadence has put a real go-getter on 
the job. Chi-Ping Hsu, the technology 
brain behind Avanti, which Synopsys 
(www.synopsys.com) now owns, and 
the former chief executive officer of 
Get2Chip, which Cadence acquired, is 
organizing the technical effort. 

What's bound to make some folks 
cringe and dust off the old soapboxes is 
that Cadence isn't initially consulting 
with any other EDA vendors to create 
the format — not even Apache. The 
company has, however, signed on with 
ARM (www.arm.com), NEC (www. 
nec.com), TSMC (www.tsmc.com), 
Applied Materials (www.applied 
materials.com), AMD (www.amd.com), 
ATI (www.ati.com), Freescale (www. 
freescale.com), and Fujitsu (www. 
fujitsu.com) to be its "power-forward 
advisors"; these companies will donate 
time and effort to help Cadence create 
the CPF (common power format). 

Cadence claims it isn't inviting any 
other EDA companies to help during 
the format-devising stage so the com- 
pany can prevent the too-many-cooks- 
in-the-kitchen phenomenon and can 
quickly create a basic working format. 
But Cadence expects that, in early 
2007, it will open its "power-forward 
general membership" and invite other 
EDA companies to adopt the format 
and quickly make changes. It would be 
nice for a change to report that the 
EDA industry has matured and accel- 
erated the adoption of a standard for 
the greater good of its customers and 
the industry and that it has created a de 
facto standard and not just another 
IEEE-approved standard. It would also 
be nice for a change to report on a stan- 
dard that the industry adopts because 
it is fair, comprehensive, and open and 
not simply because Cadence's muscle 
dictates that it's a standard. EDN 

Contact me at michael.santarini@reed 
business.com. 
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If you're doing POL or VRM, 

check out our 
SLC, MVR, MLC or SER. 



V V V- 



SLC7530 

0.05- 0.4 pH 
Up to 50 A 

6.7x7.5 mm 
3 mm high 



SLC7649 

0.04-0.1 pH 
Up to 100 A 

7.5x7.6 mm 
5 mm high 



SLC1049 

0.08- 0.15 pH 
Upto61A 

6.9x10.2 mm 
5 mm high 



MVRT MVRC MLC1200 MLC1500 SER1360 

0.25 -0.56 pH 0.36 - 2.3 pH 0.36 -4pH 0.5 - 4.5 pH 0.33 - 10 pH 

Up to 35 A Up to 36 A Up to 37 A Up to 32 A Up to 48 A 

9.8x11.5 mm 9.8x11.5 mm 10.5x11.2 mm 13.2x13.8 mm 13.1x12.9 mm 

5.1 mm high 4.7-7.8 mm high 4.1-6.1 mm high 3.9-6.5 mm high 5.8 mm high 




SER1590 

0.3 -1pH 
Up to 50 A 
16.3 x 15.8 mm 
10.2 mm high 



And get samples PDQ. 



SER2000 

0.3- 2 pH 
Up to 100 A 
19.6x20.1 mm 
8.6-14 mm high 



Only Coilcraft offers such a broad range of high 
current, low DCR power inductors. 

They're perfect for Point of Load and Voltage 
Regulator applications. Or any place you need 
maximum current handling in minimum space. 

Several models are rated up to 100 A rms. 
Others have powdered iron cores for maximum 
saturation current and minimum thermal aging. 



Still others offer 5% DCR tolerance, making 
them ideal for current sensing applications. 

As always, you can get free evaluation 
samples from our web site with just a 
click of the mouse. We ship same day! 

Check out our full line of POL 
and VRM magnetics ASAP. Visit 
www.coilcraft.com/POL3 




www.coilcraft.com 800/322-2645 
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WaveSurfer Xs Oscilloscope WaveRunner Xi Oscilloscope 



400-600 MHz • 2.5 GS/s • 2 Mpts/Ch 



400-600 MHz • up to 10 GS/s • up to 24 Mpts/Ch 



Accelerate Your Testing or Turbocharge It 



For routine circuit testing and debugging — 
the new WaveSurfer Xs oscilloscope is the 
solution. It offers an easy-to- 
learn and use interface, a 
very convenient form factor 
for tight bench spaces, and a 
budget-friendly price range. 




The new WaveRunner Xi sets the bar higher- 
impressive performance for precise 

measurements, sample rates 
at up to 10 GS/s, and a host of 
advanced analysis capabilities 
not usually available in this 
400-600 MHz range. 



WaveStream™ Fast Viewing Mode - 
analog-like viewing experience 



LeCro v 



1-800-5-LeCroy (1-800-553-2769) 
www.lecroy.com 
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Synchronous Rectification in High- 
Performance Power Converter Design 

— By Robert Selders, Jr., Applications Engineer 
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Figure 1. (a) Non-synchronous and (b) Synchronous Buck Converters 



Power converters are becoming increasingly commonplace in the 
electrical industry. Product manufacturers and suppliers of electrical 
equipment are demanding ever-increasing functionality (i.e., lower 
input and output voltages, higher currents, faster transient response) from 
their power supply systems. 

To meet these demands, switching power supply designers in the late 1990s 
began adopting Synchronous Rectification (SR) — the use of MOSFETs to 
achieve the rectification function typically performed by diodes. SR improves 
efficiency thermal performance, power density, manufacturability, and 
reliability, and decreases the overall system cost of power supply systems. 
This article will examine the advantages of SR and discuss the challenges 
encountered in its implementation. 
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1.5A, 36V SIMPLE SWITCHER® Synchronous Step-Down 
Regulator 



Constant-On-Time (COT) LM3100 Regulator Needs No External Compensation and 
Provides Stability with Ceramic Capacitors 
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Simplified Application Schematic 
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Vqut down to 
0.8Vat1.5A 



LM3100 Features 

• Synchronous conversion for efficient operation 
below 3.3 V 0UT 

• COT architecture provides lightning-fast tran- 
sient response 

• Stable with ceramic capacitors 

• Near-constant frequency operation from 
unregulated supplies 

• No external compensation reduces external 
component count 

• Frequency adjustable up to 1 MHz 

• Available in TSSOP-20 packaging f^vMift^l 
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Ideal for use in embedded systems, industrial controls, automotive telematics and body 
electronics, point-of-load regulators, storage systems, and broadband infrastructure 



For FREE samples, datasheets, and more information, visit 



www.national.com/pf/LM/LM3100.html 
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Synchronous Rectification in High-Performance Power Converter Design 



Drawbacks of Diode Rectification 

Nonsynchronous and synchronous buck converters 
are shown in Figure 1. A nonsynchronous buck 
converter uses a FET and Schottky diode as its 
switches (Figure la). When the FET turns on, 
energy is delivered to the output inductor and the 
load. When the FET turns off, the current in the 
inductor commutates to the Schottky diode. 
Provided the load current is higher than half the 
ripple current of the output inductor, the converter 
operates in the continuous conduction mode. 

The Schottky diode is selected by its forward 
voltage drop and reverse leakage current character- 
istics. But as output voltages drop, the diodes 
forward voltage is more significant which reduces 
the converters efficiency. Physical limitations 
prevent the forward voltage drop of diodes from 
being reduced below approximately 0.3V. 

In contrast, the on resistance, R DSO n> °f MOSFETs 
can be lowered, either by increasing the size of the 
die or by paralleling discrete devices. Consequently, 
a MO S FET used in place of a diode can have a 
significantly smaller voltage drop at a given current 
than the diode. 

This makes SR attractive, especially in applications 
sensitive to efficiency, converter size, and thermal 
performance, such as portable or handheld devices. 
MOSFET manufacturers are constantly introducing 
new MOSFET technologies that have lower R DSON 
and total gate charge, (Qg)> which makes it easier 
to implement SR in power converter design. 

What is Synchronous Rectification? 

In the synchronous buck converter, for example, 
the efficiency is increased by replacing the Schottky 
diode with a low side MOSFET (Figure lb). The 
two MOSFETs must be driven in a complimentary 



manner with a small dead time between their 
conduction intervals to avoid shoot-through. The 
synchronous FET operates in the third quadrant, 
because the current flows from the source to the 
drain. In contrast to its nonsynchronous counter- 
part converter, the synchronous buck converter 
always operates in continuous conduction, even 
down to no load. 

During the dead time periods, the inductor current 
flows through the lower FET s body diode. This 
body diode usually has a very slow reverse recovery 
characteristic that can adversely affect the convert- 
ers efficiency. An external Schottky diode can be 
placed in parallel with the low-side FET to shunt 
the body diode and prevent it from affecting the 
converters performance. The added Schottky can 
have a much lower current rating than the diode in 
a nonsynchronous buck converter because it only 
conducts during the small dead time (which is 
typically less than a few percent of the switching 
cycle) when both FETs are off. 

Benefits of Synchronous Rectification 

The advantages of using SR in high-performance, 
high-power converters include better efficiency, 
lower power dissipation, better thermal perform- 
ance, lower profile, increased quality, improved 
manufacturing yields though automated assembly 
processes (higher reliability), and inherently 
optimal current sharing when synchronous FETs 
are paralleled. 

As mentioned above, a number of MOSFETs can 
be paralleled to handle higher output currents. 
Because the effective R DSON in this case is inversely 
proportional to the number of paralleled devices, 
conduction losses are reduced. Also, the Rdson nas 
a positive temperature coefficient so the FETs will 
automatically tend to share current equally, 
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High-Performance, Half-Bridge Controller-Driver for 
Compact Efficient Converters 



Highly Integrated LM5035 Half-Bridge Controller-Driver Maximizes Efficiency 
and Power Density 



LM5035 Typical Application Circuit 

1 




LM5035 Features 

• 105V/ 2A Half-bridge gate drivers 

• Synchronous rectifier control outputs with 
programmable delays 

• Oscillator synchronization (patent pending) 

• Programmable line under-voltage lockout 

• Line over-voltage protection 

• Versatile dual mode over-current protection 
with hiccup delay timer 

• Direct opto-coupler interface 



Ideal for use in telecommunications and data 
communications systems, industrial power 
supplies, distributed power systems, and 
consumer electronics 



For FREE samples, datasheets, and more information, visit 



www.national.com/pf/LM/LM5035.html 
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facilitating optimal thermal distribution among the 
SR devices. This improves the ability to remove 
heat from the components and the PCB, directly 
improving the thermal performance of the design. 
Other potential benefits from SR include smaller 
form factors, open frame configurations, lower 
profiles, higher ambient operating temperatures, 
and higher power densities. 

Design Trade-Offs in Synchronous Rectified 
Converters 

In an effort to minimize the size of the converter 
and decrease output ripple voltage for low-voltage 
applications, designers often increase the switching 
frequency to reduce the size of the output inductor 
and capacitor. If multiple FETs are paralleled, this 
increase in frequency can also increase gate drive 
and switching losses. 

Design trade-offs must be made on a per-applica- 
tion basis. For example, in a high input voltage, 
low output voltage synchronous buck converter, 
since the operating conditions are such that the 
high-side FET has a significantly lower RMS cur- 
rent than the low-side FET, the high-side FET 
should be chosen with less Qg and higher Rdson- 
It is more critical to lower switching losses for this 



L oin 




Figure 2. Isolated power converter with 
output synchronous rectification 



device than conduction losses. Conversely, the low- 
side FET carries more RMS current so its R DSO n 
should be as low possible. 

Selecting controllers with stronger gate drivers in 
synchronous converters reduces switching losses by 
minimizing the time the FETs take to switch. 
However, faster rise and fall times generate high 
frequency noise that can lead to system noise and 
EMI compliance issues. 

Driving Synchronous Rectifiers in isolated 
Topologies 

Power converters utilizing isolated topologies are 
used in systems requiring galvanic isolation among 
system grounds. Such systems include distributed 
bus architectures, Power-over-Ethernet systems, 
and wireless basestations. (Figure 2). 

Using SR in isolated converters can improve their 
performance significantly. All isolated topologies: 
forward, flyback, push-pull, half and full bridge 
(current and voltage fed), can be synchronously 
rectified. However, providing adequate and 
well-timed gate drive signals to the SRs in each 
topology presents its own set of challenges. 

There are basically two types of drive schemes for 
FETs on the secondary stage of isolated topologies: 
self-driven gate signals taken directly from the sec- 
ondary transformer windings, and control-driven 
gate signals derived from the PWM controller or 
some other primary referenced signal. For a given 
application several different implementations of 
these drives are possible. The designer should 
choose the simplest solution that also meets the 
performance requirements. 

The self-driven scheme is the simplest, most 
straight forward SR drive scheme (Figure 3) and 
works well in topologies where the transformer 
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Synchronous Buck Controller with 1% Voltage Feedback 
Accuracy Across -40 to +125°C 



National's LM2747 Controller Provides Down Conversion to Output Voltages as 
Low as 0.6V 



LM2747 Typical Application Circuit 
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LM2747 Features 

• Switching frequency from 50 kHz to 1 MHz 

• Switching frequency synchronize range 250 
kHz to 1 MHz 

• Startup with a pre-biased output load 

• Power stage input voltage from 1 V to 14V 

• Control stage input voltage from 3V to 6V 

• Power Good flag and shutdown 

• Output overvoltage and undervoltage detection 

• Available in TSSOP-14 packaging ( ^^TSu\ 



Ideal for use in cable modems, DSL and ADSL, 
laser and ink jet printers, low voltage power 
modules, DSP, ASIC, core, and portable computing 



For FREE samples, datasheets, and more information, visit 



www.national.com/pf/LM/LM2747.html 
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Figure 3. Self-driven synchronous rectification output stage 



voltage is not zero for any significant period of 
time. Two SR FETs replace the output rectifier 
diodes, and voltage generated across the secondary 
windings drives the gates of the SRs. In most cases, 
higher or lower output voltages can be achieved 
with same topology by utilizing a different 
transformer turns ratio (Np:N$i:Ns2) and by 
appropriately selecting the SR FETs. 

The main problem with self-driven SRs in topolo- 
gies where the transformer voltage periodically goes 
to and stays at zero is that there is no signal to drive 
the gates of the SR FETs during these intervals. 
During these times, body diodes of the SRs con- 
duct the load current, thus increasing power losses. 
Lower output voltages may require additional 
windings to increase the normal operating voltage 
applied to the SR FET gates to an adequate level. 

Because the secondary winding voltage varies with 
input line voltage, the voltage on the SR gates will 
vary. The efficiency is impacted because R DSON 
depends on the gate-source voltage (V^s)* In wide 
input voltage range converters this Rdson variation 
can be as high as 2:1. 

There are alternate gate drive techniques that can 
be employed for transformer-based topologies. In 
low- voltage, high-current applications, these drive 



techniques both reduce losses associated with the 
dead time intervals and produce nearly constant- 
amplitude gate drive pulses so efficiency is not 
adversely impacted by varying line voltages. 

Control-driven schemes tend to solve the limita- 
tions of self-driven methods. However, they are 
typically more complex and expensive (Figure 4). 
Depending on how parts-intensive the self-driven 
scheme is, a control-driven scheme may actually be 
the better alternative. The control signals used to 
drive the SR FETs can be derived from a primary 
or secondary side referenced controller. 
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Figure 4. Control-driven synchronous rectification 
output stage 



Conclusion 

Synchronous switching power converters give bet- 
ter performance than nonsynchronous converters 
in low output voltage, high output current systems 
applications. Ensuring the proper timing of the 
gate drive signals for the SRs is an important task 
that designers must address to maximize converter 
performance. ■ 

Acknowledgement: The author would like to thank Dr. 
Haachitaba Mweene for his feedback on the article. 
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WEBENCH® Online Design Environment 

Our design and prototyping environment simplifies and 
expedites the entire design process. 

1. Choose a part 

2. Create a design 

3. Analyze a power supply design 

- Perform electrical simulation 

- Simulate thermal behavior 

4. Build it 

- Receive your custom prototype kit 24 hours later 
webench.national.com 




Reference Designs 

National's power reference design library provides a 
comprehensive library of practical reference designs to 
speed system design and time-to-market. 
www.national.com/refdesigns 
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Mesh networks publish remote data PWM controllers 

drive Intel dual- 

Jaiming to offer the modern re- 




placement for the venerable 
f strip-chart recorder, Accsense 
recently introduced a wireless-sensor 
system that measures a wide range of 
physical properties and delivers real- 
time data to any Web-enabled device. 
The company based the system on wire- 
less-sensor pods that measure ambient 
temperature, humidity, light, noise, and 
vibration and automatically form a se- 
cure, self-healing wireless-mesh net- 
work with a range as long as 4000 ft. 
Accsense sensor pods are compatible 
with a range of standard external plug- 
in sensors and probes, including ther- 
mocouples, resistance-temperature de- 
tectors, and thermistors. 

A complete Accsense system includes 
as many as 1 6 wireless-sensor pods, a 
Pod Gateway for connecting the sensor network to the Internet, and an online account for mon- 
itoring, storing, and analyzing data. Sensor pods range in price from $295 to $635, depending 
on the combination of measurements and number of inputs. The Pod Gateway sells for $795 
and supports as many as 1 6 pods. The Accsense-hosted online service is available through a 
monthly subscription. The standard account is free and enables users to monitor their data on- 
line and download it for deeper analysis. At $24.95 per month, the premium account offers ad- 
ditional features, such as analytical charting and alarms that send alerts to cell phones, pagers, 

and e-mail if measurements fall out of range— by Warren Webb 
Accsense Inc, www.accsense.com. 



A new mesh-sensor network from Accsense features 
an Internet gateway and as many as 1 6 wireless 
pods that deliver remote process measurements to 
any Web-enabled device. 



M FROM THE VAULT 

"More than ever before and certainly without challenge 
today in light of sagging aerospace and defense pro- 
grams, expenditures, and sentiment, the information-pro- 
cessing industries are sure to be the darling of the '70s. 
In 1970, the nearly all-pervasive computer will take great 
strides toward becoming all-pervasive. Communications 
with the computer and communications between com- 
puters will expand old opportunities and create limitless 
new opportunities." 

Jerry Sanders, President, AMD, EDN, Jan 1 , 1970 



core processors 

Pentium-class processors offer 
among the toughest challenges 
for power-system designers, and 
the new dual-core chips that 
meet the Intel VR1 1 power spec 
are no exceptions. Intersil is at- 
tacking the VR1 1 market with a 
controller that can use four to six 
synchronous-rectified buck 
channels in parallel. Transient re- 
sponse is a huge problem for 
such power subsystems. 

The new Intersil ISL6326 and 
ISL6327 controllers rely on the 
company's active-pulse-position- 
ing and adaptive-phase-align- 
ment technologies to speed re- 
sponse to load transients, there- 
by reducing the requirement for 
external bulk capacitors. A differ- 
ential amplifier remotely senses 
voltage, eliminating any potential 
difference between remote and 
local grounds, thereby improving 
regulation and accuracy. Prices 
for the controllers range from 
$3.81 to $4.58 (1000). 

-by Maury Wright 

Intersil, www.intersil.com/ 
power. 



■ntetv, 



/SL6326 
'SL6326B 



With adjustable switching fre- 
quency as high as 1 MHz per 
phase, the ISL6326 and 
ISL6327 PWM controllers meet 
the Intel VR1 1 spec. 
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ARM9 microcontroller 
touts connectivity, 
large on-chip memory 



STMicroelectronics' STR- 
91 OF series of ARM- 
9E-based microcon- 
trollers combine Ethernet, CAN 
(controller-area-network) 2.0B, 
and USB-FS support; as much 
as 96 kbytes of SRAM; and as 
much as 544 kbytes of flash in 
a single device. The ARM9E 
core includes single-cycle 
DSP instructions that can take 
advantage of simultaneous ac- 
cess of code and data The 
core operates at 1.8V±10%, 
and the I/O ring operates at 
2.7 to 3.6V. The burst flash 
supports a minimum of 
1 00,000 erase cycles with 20- 
year data retention, and it can 
support a peak execution per- 
formance of 96 MHz. 

The Ethernet MAC (media- 
access controller) includes an 
Mil (media-independent inter- 
face) to an external PHY 
(physical) layer. The dedicated 
Ethernet DMA controller can 
support the movement of 91 
Mbps of raw Ethernet frames 
between the MAC and the 
SRAM while loading the CPU 
by 1 0%. Other peripherals in- 
clude an eight-channel, 10-bit 
ADC; a three-phase ac-motor- 
control unit; supervisor func- 
tions with low-voltage-reset 
and brownout detection; a 
real-time clock; and as many 



as 80 5V-tolerant I/O pins. 

The core and peripherals 
access the SRAM through an 
alternating arbiter that guaran- 
tees a deterministic, direct 
path to the SRAM. The real- 
time clock draws less than 1 
|jlA across the entire tempera- 
ture range. It can record the 
time of a tampering event and 
cut power to the SRAM to de- 
stroy contents if desired; ex- 
ternal real-time-clock devices 
costing 50 cents to $1 each 
typically support these fea- 
tures. Power consumption of 



the core ranges from 1 .3 mA/ 
MHz in run mode to 55 \xA in 
sleep mode, in which the de- 
vice is quiescent with the real- 
time clock running. Battery 
current when the main power 
is off with only the real-time 
clock operating is as low as 
0.3 |jlA at room temperature 
and 0.9 |xA maximum, and it is 
5 uA at room temperature and 
85 |ulA maximum when the 
SRAM is also alive. 

Six STR910F devices are 
available now in lead-free 
packages with prices starting 
at $6.99 (10,000). The LQFP- 
80 and LQFP128 packages 
support operation over a tem- 
perature range of —40 to 
+85°C. The LQFP128 pack- 
ages include an Ethernet Mil 




The STR910F series of ARM9E-based microcontrollers combine 
Ethernet, CAN 2.0B, and USB-FS support; as much as 96 kbytes 
of SRAM; and as much as 544 kbytes of flash. 



DILBERT By Scott Adams 



CATBERT: EVIL DIRECTOR 
OF HUIAAN RESOURCES 




WE NOVE ALL OF THE 
WORTHLESS EMPLOYEES 
TO THE SMAE PROJECT. 
WHEN IT'S DONE, WE 
TELL THEtA THAT 
THEIR JOBS NO 
LONGER EXIST. 





and an external-memory-bus 
interface. Starter kits are avail- 
able from Hitex (www.hitex. 
com), IAR Systems (www.iar. 
com), Keil Software (www.keil. 
com), and Raisonance (www. 
raisonance.com) for as low as 

H,The CAPS 
(tool allows 
developers to 
configure l/O- 
pin and clock 
functions using 
a graphical 
interface. 

$1 99. These kits include free 
compilers that are code-limit- 
ed to either 1 6 or 32 kbytes. 
The kits also include JTAG de- 
bugging, programming cable, 
code examples, and hardware 
to begin a design. 

The $249 STR910-Eval 
evaluation board allows de- 
signers to exercise and evalu- 
ate all of the hardware inter- 
faces and I/O of the STR- 
91 OF. Designers can use the 
included demonstration code 
for the Ethernet, USB, CAN, 
and other major chip functions 
based on a common HAL 
(hardware-abstraction-layer) 
library. STMicroelectronics' 
free CAPS (configuration- 
and-programming-software) 
tool allows developers to con- 
figure l/O-pin and clock func- 
tions using a graphical inter- 
face. The tool automatically 
generates a C header file that 
reflects the developer's pin and 
clock choices. RTOS and TCP/ 
IP support are available from 
CMX (www.cmx.com), Micrium 
(www.micrium.com), Segger 
(www.segger.com), Keil, and 
NexGen Software (www.nex 
g e n-software.fr/ Pu b I i cAs p). 

-by Robert Cravotta 

STMicroelectronics, 
www.stm.com. 
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Low-Power RF 



2.4 GHz and Sub-1 GHz RF ICs 

Ultra-Low-Power, Small Footprint, Lowest System Cost 




Alternative 
Configuration 
with Folded 
Dipole PCB 
Antenna 



1.8V-3.6V 
Power Supply 



p— n 

I RF Trnncroiuor 



4 mm x 4 mm 




LC Network for 
868/915 MHz 

hj-w^-j- — 



Antenna 
(50 Ohm) 

•i V 



The new CC2500 and CC1100 RF transceivers from Texas Instruments are the 
industry's lowest system cost, multi-channel radios for low-power wireless 
applications. Operating in the 2.4 GHz (CC2500) and sub-1 GHz (CC1100) 
frequency bands, the devices include several useful digital features like full packet 
handling, FIFO buffers, clear channel assessment, wake-on-radio and more. 



U fje $ [*!( 

I Chipcon Products 

I from Texas Instruments 



►Applications 

- Wireless game controllers 

- Wireless keyboard/mouse 

- Automatic meter reading 

- Wireless audio 

- Alarm and security systems 

- Home and building automation 

► Features 

- Reference design with 
two-layer PCB with all 
components mounted 
on the same side 

- Very small footprint: 

4x4 mm, 20-pin QLP package 

- Programmable data rate 
from 1.2 to 500 kbps 

- Robust solutions with 
excellent selectivity and 
blocking performance 

- Few external components 

-Very low current consumption 
CC2500/CC1100: 
-T x : 21.2/16.0 mA at dBm 
- R x : 13.3/15.2 mA at 250 kbps 

- Pricing: $1.75 in 1K 




NEW! 

Low-Power RF Selection Guide 

Datasheets and Samples 



www.ti.com/cc2500-1100 o 800.477.8924, ext. 2500 



Tech nologyforlnn ovato rs™ ^ Texas Instruments 



Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1 556A0 
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Agile mixer Q_ 
targets R FID, ^-T 
GSM,andWiMax2 

You can configure Linear * 
Technology's new 
LT5560 as an upconvert- £ 
ing or downconverting 
mixer, and it can serve in 
public-safety handheld ra- 
dios, Wi Max-transceiver 
modems, handheld RFID 
readers, VHF/UHF trans- 
ceivers, GSM/EDGE M 
(global-system-for-mobile- I 
communications/en- 
hanced-data-for-GSM- 
evolution) base stations 
and repeaters, and ISM 
(industrial/scientific/med- 
ical)-band radios. 

As a 900-MHz down- 
converting mixer with 
nominal supply current of 
1 mA, the design yields 
a third-order-intercept- 
point spec of 9.7 dBm 
and a noise figure of 1 0.1 
dB. Typical current con- 
sumption is 1 mA, al- 
though an external resis- 
tor can adjust current use 
to as little as 4 mA. A dis- 
able function reduces cur- I 
rent draw to 0.1 (jlA in 
power-managed opera- 
tion. Prices start at $ 1 .56 
(1000). 

—by Maury Wright I 
Linear Technology, 

www.linear.com. 




The LT5560 operates at 1 
kHz to 4 GHz, integrates a 
double-balanced mixer core 
for maximum linearity and 
RF isolation, and operates 
from a 2.7 to 5.25V supply. 
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Logic analyzers sport 
32M-sample memory 



Agilent Technologies has 
expanded its logic-ana- 
lyzer portfolio with eight 
new fixed-configuration mod- 
els that constitute its next-gen- 
eration 16800 series. The 
Agilent 1 6800 family of analyz- 
ers offers high-performance 
measurement capabilities in a 
small, fixed-configuration pack- 
age with advanced features at 
affordable prices. Each model 
in the family comes with a 1 5- 
in. display and optional touch- 
screen interface. This interface 
has for more than 20 years 
been a hallmark of Agilent's 
modular-logic-analyzer sys- 
tems but has never before 
been available in a fixed-con- 
figuration model. Touchscreen 
capability offers fast, intuitive 
interaction and works well 
when limited bench space hin- 
ders the use of a mouse and a 
keyboard. 

The analyzers quadruple the 
industry's maximum fixed-con- 
figuration-memory depth to 
32M samples. This acquisition 
depth was previously available 
only in higher priced modular 
logic analyzers. In addition, 
three models offer an integrat- 
ed digital stimulus that allows 
design teams to quickly emu- 
late missing components, inject 
faults, and perform design 
characterization. 

All models, ranging from 34 
to 204 channels, provide 4- 
GHz timing sampling with 250- 
psec resolution simultaneously 
with state measurements, elim- 
inating the need to double- 
probe. Unique in the industry, 
the models allow for independ- 
ent installation of upgrades in 
acquisition-memory depth and 
state speed-but not channel 
count-enabling development 
teams to purchase what they 



need today at a lower price 
and to upgrade memory depth 
or state speed as their needs 
grow. For example, 16800 
users can start with a system 
configured for 250-MHz state 
speed and 1 M-sample acquisi- 
tion depth; as their needs 
grow, they can upgrade to 
450-MHz state speed and as 
much as 32M-sample acquisi- 
tion depth. 

"For the first time, design 
teams that purchase fixed- 
configuration logic analyzers 
have access to advanced ca- 
pabilities previously found ex- 
clusively in more expensive 
modular systems," says Sigi 
Gross, general manager of 
Agilent's Digital Verification 
Solutions division. He says that 



feedback from Agilent cus- 
tomers highly influences the 
16800 series' usability and 
features. "We focused on de- 
livering important new capabil- 
ities and great usability at an 
affordable cost," says Gross. 
The familiar Microsoft Win- 
dows XP Pro user interface 
helps new users to quickly be- 
come productive. 

Prices for 1 6800-series log- 
ic analyzers start at $9430 
for a 34-channel unit. A 48- 
channel pattern generator, av- 
ailable in analyzers that have 
as many as 1 02 logic-analysis 
channels, adds $8000. Prices 
for groups of 34 additional 
logic-analysis channels start 
at approximately $2200 per 
group. A 204-channel logic 
analyzer costs $25,000. 

-by Dan Strassberg 
Agilent Technologies, 
www.agilent.com/find/1 6800. 




A clean front panel and a huge display are hallmarks of the 
1 6800 series of fixed-configuration logic analyzers, which allow 
memory depths to 32M samples/channel, state-analysis speeds 
to 450 MHz, and timing-analysis resolution to 250 psec. 



M FROM THE VAULT 

"The explosion in demand for ICs is 
greater than anyone had imagined. 
This demand will tax the world's ca- 
pacity for development and produc- 
tion. Apart from the enormous growth in 
the data-processing market, consumer 
applications will represent a significant 
portion of this demand for ICs." 

Edward Meagher, vice president of marketing, 
Amperex Electronics Corp, EDN, Jan 15, 1970 
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8051 core provides 
hardware-arithmetic extensions 



Ramtron's VRS51L20- 
70, the latest device in 
the Versa 8051 micro- 
controller family, integrates a 
single-cycle, 40-MHz, 8051- 
based core with 4 kbytes of 
SRAM; 64 kbytes of in-sys- 
tem- and in-application-pro- 
grammable flash; a JTAG- 
programming/debugging in- 
terface; and digital-signal- 
processing extensions. The 
multiply/accumulate/divide 
unit includes a 32-bit barrel 
shifter that can perform sin- 
gle-cycle, 16-bit signed mul- 
tiplication and 32-bit addition, 
and it can perform a 1 6-bit, 
signed division in five cycles. 
You access the multiply/ac- 
cumulate/divide unit through 



the 8051 's SFRs (special- 
function registers). 

To lower costs of embed- 
ded-system designs, the VRS- 
51L2070's internal oscillator 
supports 40-MHz operation 
with 2% accuracy. The device 
includes eight PWMs with 1 6- 
bit adjustable resolution. Two 
pulse-width counter modules 
enable event-duration meas- 
urement. The integrated SPI 
can support transactions as 
fast as 20 Mbps that are ad- 
justable from 1 to 32 bits. Each 
UART incorporates a dedicated 
baud-rate generator with 1 6-bit 
resolution and 4-bit micro- 
baud -rate adjustment. Other 
peripherals include an PC, three 
16-bit timers/counters with 



three timer-capture inputs, a 
watchdog timer, and 49 inter- 
rupts that share 16 interrupt 
vectors. The VRS51L2070 is 
currently available for sam- 
pling and costs less than $4 
(1 0,000) in a QFP-64 package, 
-by Robert Cravotta 
Ramtron, www.ramtron. 




The VRS51L2070's internal 
oscillator supports 40-MHz 
operation with 2% accuracy. 



Power-dense, 200W 
ac/dc supply feeds 
communication systems 



Datacom and telecom centers, 
with their power-hungry banks 
of servers, place some of the 
highest power-density re- 
quirements on ac/dc-switch- 
ing power supplies. To ad- 
dress these requirements, XP 
Power has introduced the 
21 2W EMA212 in a 1 U- _ 
compatible, 3x5x1.34- 
in. package. The company 
claims that the unit holds 
the power-density record 
for a 200W ac/dc-switch- 
ing supply. Power density 
is 10.55W/in. 3 at an effi- 
ciency of 91%. The unit's 
primary voltage rail is 
available across the entire 
input voltage range of 90 
to 264V ac and tempera- 
ture range of — 1 to 
+ 50°C, with no derating 
for temperature. The sup- 



ply has an auxiliary 12V, 1A 
fan output and a 5V standby 
at 1 00 mA for housekeeping. 
It requires 1 2 cfm forced-air 
cooling. 

The supply's design relies 
on a variety of known power- 
supply-design techniques to 




The EMA21 2 achieves a power density of 
1 0.55W/in. 3 at an efficiency of 91 % in a 
1 U form factor. 



achieve high power density. 
For example, the supply has 
a two-stage input filter with 
high-permeability-core 
chokes. XP stacks the chokes 
on top of the polypropylene 
capacitors in a technique that 
company officials believe is 
unique. "It saves us the pc- 
board real estate and brings 
the hot chokes up to pick up 
some of the airflow," says 
Mike Tornincasa, XP Power's 
industry director for the com- 
munications sector. In 
addition, "The power-fac- 
tor-correction stage uses 
a silicon-carbide diode, 
which gives us almost a 
whole efficiency point," 
he says. The diode has 
lower noise and uses 
four to six fewer compo- 
nents than does a snub- 
ber circuit. 

The supply is available 
in both a 1 2V version for 
intermediate-bus archi- 
tectures and a 48V ver- 
sion for distributed-bus 



Audio IC 
controls 
power amp 

Targeting audio-vol- 
ume and -balance ap- 
plications, the MAX- 
5440 audio controller 
integrates a de- 
bounced rotary-en- 
coder interface, wiper 
buffers, and two 40- 
kfl- resistor strings. 
The interface uses 
gray-scale coding to 
move the wiper along 
the resistor string. The 
design eliminates the 
need for an external 
microcontroller, gener- 
al-purpose 10 chips, or 
bias circuitry. It con- 
nects directly to the 
output of the power 
amplifier. The con- 
troller operates from a 
2.7V supply and uses 
less than 0.5 (jlA in 
standby mode. The IC 
sells for $1.47 (1000). 

-by Maury Wright 
Maxim, www.maxim- 




This audio controller elimi- 
nates the need for external 
microcontroller and I/O 
devices and offers volume 
and balance control. 



architectures, allowing you to 
use either isolated or noniso- 
lated dc/dc converters. Units 
cost $82(1000). 

-by Margery Conner 
XP Power, www.xppower. 
com. 
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Blackfin is for everyone 




Car Telematics 
IPTV 

Mobile TV 
Telepresence 
Biometrics 
Driver Assistance 
► Streaming Media 
High Definition 
Effects Processing 
Triple Play 
Image Processing 
VoIP 

Embedded Security 
GSM/EDGE 
Baseband Processing 
Digital Radio 
Global Positioning 
Packet Processing 
GCC/Linux 



► USDTV™ Set-Top Console 



Cost-effective H.264 video processing 

To give consumers twice the channel count at superior video quality, 
all with a breakthrough cost structure, USDTV turned on Blackfin's 
advantages. These include less than $0.02/MIPS of Blackfin's dual-core 
processor, and processing power that easily handles audio and video 
algorithms, including H.264 video processing. Advanced video processing, 
digital rights management, and an industry-leading cost per MIP: 
No wonder Blackfin® is everywhere. 



Get started using Blackfin now: 
analog.com/blackfin-is-everywhere 
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Tool analyzes 
for MTCMOS 

Apache Design Solu- 
tions has released a 
new version of its Red 
Hawk power-analysis tool tar- 
geting leakage management. 
Transistor leakage became a 
problem at the 130-nm node 
when tabs began using thinner 
oxide transistors to improve 
design performance. Leakage 
got worse at the 90-nm node, 
and, at the 65-nm mode, leak- 
age, rather than active power 
when a device is running, uses 
more than half of an IC's total 
power budget. According to 
Andrew Yang, Apache's presi- 
dent and chief executive offi- 
cer, the tool addresses design- 
ers' need for a more aggres- 
sive leakage-reduction tech- 
nique. He says that the semi- 
conductor industry is reaching 
the limits of CMOS scaling, 

H, To keep im- 
I proving per- 
formance, we 
need to keep 
drain-to-drain 
voltage high or 
keep the volt- 
age threshold 
low. 

causing a power-versus-per- 
formance or leakage-versus- 
timing dilemma. 

"To keep improving perform- 
ance, we need to keep drain- 
to-drain voltage high or keep 
the voltage threshold low," Yang 
says. To address this problem, 
most designers use a variable- 
threshold-voltage library, using 
low-voltage cells for critical 
paths and high-voltage cells for 
noncritical paths. "That tech- 
nique can work in many appli- 
cations to reduce power, but it 



leakage 
designs 

doesn't work well for mobile- 
system applications that often 
employ a sleep mode," he says. 

To reduce active power, de- 
signers often use active gat- 
ing: reducing the number of 
switches in a design and thus 
power that switching con- 
sumes. However, to reduce 
leakage, designers employ 
power gating, in which they 
shut off the current to portions 
of the design. The MTCMOS 
(multithreshold-CMOS) pow- 
er-gating technique, which 
TSMC (www.tsmc.com) em- 
ploys, allows users to turn off 
the power to a given portion of 
a design using header and 
footer switches in NMOS and 
PMOS transistors, respective- 
ly. But using these switches in- 
creases area, and the switch- 
ing creates additional power- 
supply noise that can interfere 
with the device's performance. 

Designers use MTCMOS on 
the periphery of coarse- 
grained-architecture designs 
to power on and off voltage is- 
lands, whereas they employ 
MTCMOS throughout a fine- 
grained-architecture design's 
fabric. Coarse-grained archi- 
tectures are more complex and 
have slower wake-up modes 
than fine-grained architectures, 
which offer greater power con- 
trol but require more area and 
create more noise. 

"This low-leakage-design 
technique does introduce ad- 
ditional design constraints to 
the power and noise nature of 
the design, so you need to 
carefully analyze it," says 
Yang. The Red Hawk LP (low- 
power) tool models a design's 
MTCMOS switches and all its 
logical instances and then 
performs dynamic transient 
analysis. This analysis sup- 



ports mixed-design mode to 
account for blocks that are al- 
ways on, blocks that are shut- 
ting down, and blocks that are 
waking up. The tool then an- 
alyzes the impact of the 
switches on timing and noise 
across the full chip. 

The tool does full-chip an- 
alysis with transistor-level ac- 
curacy, says Yang. To get the 
tool to run a multimillion-gate 
design overnight and keep 
the transistor level accurate, 
Apache devised a nonlinear, 
large-signal-modeling tech- 
nique. The tool gives power 



and performance results and 
calls out switch sizes and loca- 
tions. Designers use the re- 
sults of this analysis to opti- 
mize switch sizes and place- 
ment and refine their power- 
up and power-down strategies. 
The tool also analyzes struc- 
tures unique to MTCMOS, 
such as instance-specific mul- 
tivoltage cells, level shifters, 
and retention flip-flops. Red 
Hawk LP costs $275,000 for 
a one-year subscription. 

—by Michael Santarini 
Apache Design Solu- 
tions, www.apache-da.com. 



Servo driver extends 
embedded platform 

Targeting consumer electronics, industrial control, 
and automotive applications, National Instruments 
recently introduced a high-speed H-bridge servo- 
drive module for the CompactRIO embedded plat- 
form. The new Nl 9505 drive module offers direct 
connectivity to actuators, such as brushed-dc servo 
motors, relays, lamps, solenoids, and valves. 

Using CompactRIO's built-in FPGA and the 
LabView graphical-system-design software, de- 
signers can create intelligent, energy-efficient, and 
reconfigurable motion-control applications. By cus- 
tomizing FPGA logic, engineers can accurately 
control torque, velocity, and position and can im- 
plement advanced control techniques, such as the 
use of notch filters and gain scheduling. With the 
CompactRIO real-time em- 
bedded processor, they 
can implement functions 
such as supervisory con- 
trol and trajectory genera- 
tion for multiaxis coordi- 
nation and accurate veloci- 
ty and acceleration pro- 
files for smooth move- 
ments. The Nl 9505 deliv- 
ers continuous current of 
as much as 8A at 40°C with 
a peak current of 12A at 
30V, and it achieves 98% 
power efficiency. Prices for 
the Nl 9505 start at $399. 




The new Nl 9505 H-bridge 
servo-drive module, along 
with graphical-design soft- 
ware, extends National 
Instruments' FPGA-based 
CompactRIO system into 
motion control. 



—by Warren Webb 
National Instruments, 

www.ni.com/compactrio. 
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Blackfin is at 32°54.6 N, 96°45.1 W 




Image Processing 
VoIP 

Embedded Security 
GSM/EDGE 
Baseband Processing 
Digital Radio 
► Global Positioning 
Packet Processing 
GCC/Linux 
Cryptography 
Rights Management 
Open Source 
Car Telematics 
IPTV 

Mobile TV 
Telepresence 
Biometrics 
Driver Assistance 
Streaming Media 



► Maxtrack MTC-600 Vehicle 
Tracking System 



Next stop: GPS tracking, networked control 

To create its compact, low cost tracking system capable of managing an 
entire bus fleet or coast-to-coast trucking operation, Maxtrack put 
Blackfin® in the driver's seat. With 32-bit, 500 MHz performance at 85°C 
and integrated CAN® controller, Blackfin enables simultaneous processing 
of complex GPS, GSM/GPRS, audio, and spread spectrum transceiver 
algorithms, plus networked camera functionality. Blackfin also serves as 
the central processing unit for all data-driven needs. Now Blackfin is 
everywhere, on schedule. 



Get started using Blackfin now: 
analog.com/blackfin-is-everywhere 
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DFM-tool start 
big power and 

EDA-DFM (design-for- 
manufacturing) start-up 
BlazeDFM has an- 
nounced its first tool, which it 
claims will reduce leakage 
power by as much as 40%, re- 
duce leakage variability by as 
much as 60%, and improve 
timing by as much as 10% 
without the need for changing 
the layouts of 90- and 65-nm 
IC designs. 

Chairman and Chief Tech- 
nology Officer Andrew Kahng, 
a University of California— San 
Diego professor, started the 
company, along with one of his 
grad students, Product Archi- 
tect Puneet Gupta The third 
co-founder, Vice President of 
Marketing Dave Reed, is an 
EDA-industry veteran. The 
company also brought on for- 
mer Forte Design Automation 
Chief Executive Officer Jacob 
Jacobbson to serve in the 
same post at BlazeDFM. 



-up claims 
yield gains 



Reed says that more than 
20 companies claim to be in 
the DFM market. However, 
BlazeDFM concentrates on 
only a subset of that market: 
electrical DFM. "DFM under- 
stands the things designers 
care about: power, perform- 
ance, parametric yield, and 
cost," says Reed. He claims 
that other companies have 
only obliquely addressed these 
topics. "When you look at the 
parametric-yield issues, as 
BlazeDFM does," he says, "you 
can reduce by six months to a 
year the time it takes to get 
into volume production at ac- 
ceptable yields, and you can 
reduce leakage power by 20 
to 30%." 

The company's tool, Blaze 
MO, runs concurrently with 
physical-verification tools. 
Users input GDSII (Graphic 
Design System II) and indus- 
try-standard formats. These 



formats include Verilog, LEF/ 
DEF (library-exchange-format/ 
data-exchange-format), DSPF/ 
SPEF (detailed-standard-par- 
asitic-format/ standard-para- 
sitic-exchange-format), Jib, 
and SDC (Synopsys Design 
Constraints) files. Blaze MO 
analyzes the layout and gate- 
length variability, or "slack," 
within the rules of a given 
foundry and creates an anno- 
tation layer in the GDSII to di- 
rect commercial OPC (optical- 
proximity-correction) tools to 
make adjustments to the de- 
sign. "We put our annotations 
in a layer in the GDSII file, and, 
when it gets into manufactur- 
ing, the RET (reticle-enhance- 
ment-technology) tools can 
use those annotations to di- 
rect reticle enhancement," 
says Reed. 

OPC tools cannot directly 
read the annotations, so OPC 
engineers must manually input 
them into the OPC tool of 
choice. Blaze MO has run sili- 
con with both Mentor Graphics 
(www.mentor.com) and Syn- 



opsys (www.synopsys.com) 
OPC tools with similar results. 
OPC tools typically adjust lay- 
outs to ensure that each fea- 
ture has the right size and 
shape and thus prints well in 
manufacturing. "Blaze tells 
what targets to hit on a tran- 
sistor-by-transistor basis with- 
in the allowed processor 
range," Reed says. Blaze MO 
doesn't swap out custom cells 
for standard cells. Instead, the 
subtly altered shapes on a de- 
sign have a profound impact 
on the design. 

"To have a viable DFM offer- 
ing, you need to offer value to 
both design and manufactur- 
ing," says Reed. "Blaze MO can 
help foundries make the same 
process look better to their 
customers without adjusting 
the equipment. It is possible to 
offer a half-node to cus- 
tomers—a process that is less 
leaky than, say, a foundry's 
standard 90-nm process." 

—by Michael Santarini 

BlazeDFM, www.blaze- 
dfm.com. 



Pulse/pattern generators 
produce clean waveforms, 
clean user interface 



Keithley Instruments' Series 
3400 pulse/pattern genera- 
tors provide high signal fi- 
delity and precise control of 
pulse widths of 3 nsec to 
1000 sec, as well as a sim- 
ple, intuitive user interface. 
The generators suit use in 
semiconductor-device and 
material research in R&D and 
technology- development 
labs and in characterization 
and process integration in 
production and quality assur- 
ance. Pattern generation lets 
users simulate serial data to 
devices under test and deter- 
mine the devices' perform- 



ance characteristics in less- 
than-ideal situations. Appli- 
cations include serial, wire- 
less, and fiber-optic commu- 
nication and nanotechnology- 



device development. 

The product family compris- 
es the $12,500, single-chan- 
nel, 0.001 -Hz to 165-MHz 
Model 3401 pulse/pattern 
generator and the $17,500, 
dual-channel, 0.001 -Hz to 
165-MHz Model 3402 pulse/ 
pattern generator. Depending 
on the selected output imped- 
ance and external load resist- 



ance, the units produce sig- 
nals as large as ±20V with lit- 
tle voltage overshoot, high 
amplitude accuracy, excellent 
flatness, and low edge-to- 
edge jitter. For remote control, 
the units include USB and 
IEEE 488 interfaces. 

-by Dan Strassberg 
Keithley Instruments 
Inc, www.keithley.com. 




The Series 3400 pulse/pattern generators produce clean waveforms to 1 65 MHz and present users 
with a clean interface. 
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Low Power, Rail-to-Rail Input/ 
Output, Single Supply Op Amps 




Part # 


GBWP 


■q 

Typical 
(MA) 


Vos 
Max 
(mV) 


Input Voltage Noise 
Density @ 1 kHz 
(nV/VHz) 


Operating 
Voltage 
(V) 


MCP6041/2/3/4 


14 kHz 


0.6 


3.0 


170 


1.4-5.5 


MCP6141/2/3/4 


100 kHz 


0.6 


3.0 


170 


1.4-5.5 


MCP6231/2/4 


300 kHz 


20 


5.0 


52 


1.8-5.5 


MCP6241/2/4 


550 kHz 


50 


5.0 


45 


1.8-5.5 


MCP6001/2/4 


1 MHz 


140 


4.5 


28 


1.8-5.5 


MCP6271/2/3/4/5 


2 MHz 


170 


3.0 


20 


2.0-5.5 


MCP6281/2/3/4/5 


5 MHz 


445 


3.0 


16 


2.2-5.5 


MCP6291/2/3/4/5 


10 MHz 


1100 


3.0 


8.7* 


2.4-5.5 


MCP6021/2/3/4 


10 MHz 


1000 


0.5 


8.7* 


2.5-5.5 



• Value is typical at 10 kHz 

• Select devices available in PDIR SOIC, MSOR TSSOR SOT-23, and SC-70 

• Select devices offer a Chip Select pin for additional power savings 

• The MCP62X5 offers dual amplifiers with a Chip Select pin in an 8-pin package 

• FREE! Download the FilterLab® Active Filter Design Tool at www.microchip.com 

• FREE! Order device samples at www.microchip.com 



Pb-free! 



Purchase your op amps at... 

microchip 

www.microchipdirect.com 



KoHb uompii 



Microchip 

www.microchip.com/OpAmps 
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VOICES 

Kris Pisterand Ben Cook 

Back to basics 

Not too long ago, hotshot hardware-design engineers 
accrued bragging rights based on how many millions 
of transistors their chips had or how fast they were. 
Thanks to Moore's Law, transistors and speed are now 
less frequently the limiting factors of chip design. Rather, mini- 
mizing power and its attendant heat now indicates a clever de- 
sign. And few applications face as many power constraints as 
the RF nodes in wireless-sensor networks, which are resilient, 
self-healing, and able to operate for years with no maintenance 
on standard AAA or coin -eel I batteries. 

As a professor of electrical engineering at the University of 
California-Berkeley, Kris Pister, also chief technical officer of 
wireless-sensor start-up Dust Networks, directs research into 
both the hardware and the software that these networks need. 
We talked with Pister and his graduate student Ben Cook about 
their research into ultralow-power radio design, which Cook 
recently presented at the International Solid-State Circuits 
Conference (Reference 1 ). 

| 



What was Cook's chal- 
lenge? 

Pister: I told him to 
ignore all the conven- 
tional wisdom in radio design 
and trade off almost anything 
on the performance side to 
get to low power. He didn't 
end up trading much in the 
way of performance and still 
achieved low power: His radio 
burns 300 |ulW in receiving 
mode at 2.4 GHz, whereas 
the best commercial chips 
we're using right now at Dust 
Networks burn 30 mW. 
There's nothing in his radio 
that you can point to as radi- 
cally lowering power con- 
sumption, but, if you look in 
CMOS-RF textbooks, all the 
basic ideas he used are there. 
It's just that most current ra- 
dios have discarded them. 
Everything focuses instead 



on high performance at the 
expense of power. 

Can you give three design 
ideas that really made a 
difference in power con- 
sumption? 

MS Cook: First, use a sim- 
■J pie modulation scheme. 
For our applications, an ex- 
tremely high data rate is un- 
necessary, so we can use 
BFSK [binary frequency-shift 
keying]. Plus, we added more 
frequency separation than is 
common. For example, Blue- 
tooth also uses a form of 
BFSK, which has a data rate 
of, say, 1 Mbps, but it jumps 
between frequencies of only 
320 kHz, and, as a result, it's 
a lot harder to demodulate 
than 1 Mbit with a frequency 
separation of a couple of 
megahertz. 




■ 



Kris Pister has some things to 
say about ultralow-power radio 
design. 

Second, passive-voltage 
gain is important. This idea 
flies in the face of current con- 
ventional wisdom that you've 
got to get your power gain at 
the beginning of the received- 
signal chain. CMOS devices 
take voltage, rather than pow- 
er, as an input, and they have 
an almost purely capacitive in- 
put, so they can't absorb any 
power. If you apply your signal 
to the gate of a CMOS transis- 
tor, voltage amplification and 
getting that voltage gain using 
passive components that con- 
sume zero are the most impor- 
tant factors in overcoming the 
noise of that device. 

Pister: A subthread 
running through the 
design process was the addi- 
tional goal of using as few off- 
chip components as possible. 
You hear a lot of people talk- 
ing about single-chip radios, 
but that idea usually means a 
single silicon chip with all the 
transistors on it and then a 
bunch of passive compo- 
nents-crystals, filters, induc- 
tors, and other components- 
off the chip. He was shooting 
for not just the lowest power, 
but also the lowest cost in the 
smallest form factor in these 



radios, with a single chip with 
the absolute minimum number 
of components. 

Cook: Passive-voltage 
gain is not a universal 
solution. Some systems need 
power gain. For instance, cell 
phones have to interface to 
up-chip parts, such as SAW 
[surface-acoustic-wave] filters, 
and they need power gain in 
their amplifying stages, but we 
keep everything on-chip, and, 
therefore, we can interface to 
high impedances on the chip. 
So, we're not fixed to 5011, 
which RF components have 
traditionally used. We have 
flexibility with using voltage 
gain instead of power. 

Third, minimize the over- 
head power consumption. For 
almost all radio topologies, you 
use a VCO [voltage-controlled 
oscillator] as the core of the 
transceiver, and we wanted to 
make it as low-power as pos- 
sible, as well as eliminating as 
many other high-power blocks 
as possible. So, in the receiver, 
there's no RF amplifier in the 
front end, which is kind of a 
novel thing. Instead, the front 
end is a passive-voltage-am- 
plifying network that goes 
straight to a passive mixer. 
Making everything passive in 
the front end drastically re- 
duced power and still yielded 
good performance. 

-by Margery Conner 

REFERENCE 

TM Cook, Ben, Axel Berny, Al 
Molnar, Steven Lanzisera, and 
Kris Pister, "An Ultra-Low- 
Power 2.4GHz RF Transceiver 
for Wireless Sensor Networks 
in 1 30nm CMOS with 400mV 
Supply and an Integrated 
Passive RX Front-end," IEEE 
International Solid-State 
Circuits Conference, February 
2006, www.el.gunma-u.ac.jp/ 
analog/ISSCC2006.pdf. 
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Does your business need more support and resources? 

Successful organizations recognize the value of a strategic supplier relationship to help them deliver innovative products to 
their markets in a timely and cost-effective manner. If reducing time to market, lowering total system cost and utilizing high 
performance silicon solutions are important to you, take a look at the support functions provided via microchipDIRECT and 
our expanded local technical resources. Microchip Technology supports more than 45,000 customers worldwide, and we're 
committed to helping you succeed. 



Register 
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Use microchipDIRECT t< 




microchip 



Order directly from Microchip, 24 hours a 
day, 7 days a week 

Gain access to the world's largest 
inventory of Microchip devices and tools 

View prices from 1-10,000 plus pieces 

Purchase thousands of Microchip devices 
in less than full reel or tube quantities 

Program your devices directly with 
Microchip 

Schedule your shipments 



www.microchipdirect.com 



View your order history and re-order with 
just a few clicks 

Drop ship to many regions worldwide 

Apply for a business credit line and place 
orders using PO's with a Microchip credit 
line* 

Apply for special pricing and quotes 
directly from Microchip's local team* 

♦microchipDIRECT account required. Not available in all countries. 



Microchip 

www.microchip.com 
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Module simplifies 

data acquisition with USB 



National Instruments has in- 
troduced a data-acquisition 
system based on the connec- 
tivity of USB. The basic Com- 
pact DAQ hardware unit's 
eight-slot chassis accepts a 
range of hot-swappable, au- 
todetected instrumentation 
modules. Although the unit 
does not replace the compa- 
ny's PCI-based instrumenta- 
tion, Nl says that, by exploiting 
the speed and convenience of 
USB 2.0, it can address the 
performance needs of a large 
fraction of the data-acquisition 
market. 

Compact DAQ, the compa- 
ny says, operates equally well 
as a small-scale to midscale, 



quickly configured field-data- 
collection system, or as a 
small-scale ATE (automatic- 
test-equipment) platform. Mod- 
ules provide signal condition- 
ing for variables such as 
voltage, temperature, strain, 
sound level, and vibration. The 
system employs four dedicat- 
ed USB-signal streams to 
provide the bandwidth to sup- 
port as many as 256 meas- 
urement channels. You can 
combine low- and high-speed 
modules in the same configu- 
ration. According to Nl, the di- 
versity of currently available, 
capable ADC chips permits 
the company to build a variety 
of digitally isolated modules 




The basic Compact DAQ hard- 
ware unit's eight-slot chassis 
accepts a range of hot-swap- 
pable, autodetected instrumen- 
tation modules. 

using ADCs. Compact DAQ 
operates from ac supplies or 
from 1 1 to 30V dc. 

The LabView graphical pro- 
gramming environment sup- 
ports the system through an 
open application-programming 
interface; you can also pro- 
gram it with Visual Basic 6 or 
with Microsoft Visual Studio 
.NET. Alternatively, you can 
use the DAQ Assistant, a set- 
up utility that offers a step- 
by-step configuration proc- 



ess that generates LabView 
code. Compact DAQ provides 
resolution as high as 24 bits 
and an acquisition rate as 
great as 3.2M samples/sec. 
You connect the eight-mod- 
ule chassis directly to a PC 
with a USB cable; connection 
requires no interface card. 
The speed of USB 2.0, Nl 
points out, provides a channel 
into the PC that is almost five 
times faster than a 100- 
BaseT Ethernet connection, 
supporting fast data stream- 
ing. The unit's low latency en- 
ables fast command trans- 
mission. A base system of 
host frame and a four-chan- 
nel, 10V-range measurement 
module costs about €1 100 
(approximately $1 400). 

-by Graham Prophet 
National Instruments, 
www.ni.com. 



Code verifies AH B designs 



Advanced verification special- 
ist EVE has selected silicon- 
and product-design-services 
company elnfochips to ex- 
pand and complement the in- 
ternally developed synthesiz- 
able transactor library for 
EVE's ZeBu emulation plat- 
form. The AMBA-AHB (Ad- 
vanced Microprocessor Bus 
Architecture/Advanced High- 
performance Bus) transactor 
for EVE's ZeBu-UF/XL ASIC 
emulators complies with the 
AMBA-AHB 2.0 protocol. 
Users can employ it to verify 
AHB-slave designs on the 
ZeBu platform. "Our partner- 
ship with EVE will enable 
elnfochips to extend its func- 
tional-verification expertise to 
hardware-accelerator-based 
verification," says Tapan Joshi, 
vice president of marketing at 
elnfochips. "We look forward to 
developing a library of transac- 



tor IP [intellectual property] for 
various domains jointly with 
EVE and using this expertise to 
provide verification and valida- 
tion services to our customers, 
ensuring successful tape-out." 

EVE has previously an- 
nounced that it will offer a cat- 
alog of peripheral-IP compo- 
nents to address the wireless; 



graphics, video, and multimedia; 
networking; and embedded- 
processor markets. These com- 
ponents-synthesizable memo- 
ry models, hardware bridges, 
and synthesizable transactors- 
work with ZeBu. Transactors in- 
terface with a testbench written 
in C/C++, SystemC, or Sys- 
temVerilog at a high level of ab- 
straction to a design under test 
mapped in ZeBu and mimic a 



specific protocol. EVE based 
the high-speed components on 
the ZeBu application-program- 
ming interface and will map 
them onto the RTB (reconfig- 
urable testbench), EVE's pro- 
prietary and patented technol- 
ogy, -by Chitra Giridhar, 
EDNAsia 

EVE, www.eve-team.com. 

elnfochips, www. 
einfochips.com. 



Microcontroller hits nanoamp-current levels 

Four 8-bit AVR-architecture picoPower microcontrollers from Atmel have current 
demands of 300 |xA when active; 150 (jlA in idle mode with a 1-MHz clock; 650 nA 
in power-saving mode, which operates a 32-kHz clock and a brownout-watchdog 
circuit; and 100-nA in full power-down mode. Atmel designed this variant of the 
AVR family for use in battery-powered systems in which the processor has a low 
duty cycle, spending most of its time in sleep mode. Examples include lighting 
control; security; keyless entry; wireless protocols, such as ZigBee; and other 
low-data-rate applications. 

Atmel says the power savings come from concentrating design effort on reduc- 
ing crystal -oscillator power consumption, brownout detectors (a requirement to 
identify a failing battery in a long-life application), and l/O-pin leakage. The parts 
are pin-compatible with other AVR-architecture devices.-by Graham Prophet 

Atmel, www.atmel.com. 
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Real-time monitoring for critical patient care. 
That's the Power of Windows Embedded. 



Getting real-time patient monitoring devices into the hands of doctors 
and nurses can save lives. That's why the engineers at Zoe Medical 
chose the speed and reliability of Windows CE to develop their Night- 
ingale Personal Patient Monitor (PPM2) and make it available to 
hospitals in just 12 months. 

With only two developers and a short timeframe, Zoe Medical took 
advantage of the shared source code in Windows CE to move its 
applications from its traditional MS-DOS platform to a system that is 
more flexible, familiar, and provides the graphic and audio support its 
customers demand. Plus, the hard real-time performance of Windows CE 
met the strict requirements of the PPM2 to monitor and communicate 
vital patient functions as they happen. 

" We took two critical patient care devices to market in only 
a year. Windows CE was a big part of that achievement 99 

— JIM CH ICKERI NG /Clinical Applications Manager 

Zoe Medical Development 

The Power to Build Great Devices — get it with Windows CE, 
Windows XP Embedded, or Windows Embedded for Point of Service. 
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BY BONNIE BAKER 



Choosing antialiasing-filter amplifiers 

M Jk M hen you digitize an analog signal, you use a lowpass filter 
% m\ m to prevent aliasing errors from out-of-band noise. Doing 
\ m \ M so attenuates superimposed, high-frequency noise on the 
\m \m analog signal before it reaches the ADC. If the noise on 
W W the input signal is more than half the sampling frequen- 
cy of the converter, the magnitude of that noise stays the same, but the 
frequency changes as it aliases back onto your signal of interest. You can- 
not use a digital filter to reduce in-band noise after digitizing the signal. 



BAKER'S BEST & 



specification table of the respective 
product-data sheet. 

You should also evaluate the effects 
of amplifier slew rate. Doing so ensures 
that your filter does not create signal 
distortions due to slew limitations. The 
slew rate depends on internal IC cur- 
rents and capacitances. When you send 
large signals through the amplifier, in- 
ternal currents charge these internal 
capacitors. The speed of this charging 
process depends on the amplifier's in- 
ternal resistances, capacitances, and 
currents. To ensure that your active fil- 
ter does not enter into a slew condition, 
you need to select an amplifier such 




Selecting the correct operational 
amplifier for an active lowpass-filter cir- 
cuit can appear overwhelming as you 
read an amplifier's data sheet and view 
all of the specifications. 

Before selecting the amplifier, how- 
ever, you need to determine the filter- 
cutoff frequency, f CUT (or — 3-dB fre- 
quency). You can use filter-design pro- 
grams to determine the filter's capacitor 
and resistor values. 

Next, you should initially consider 
only two important specifications when 
selecting an amplifier for your active 



lowpass filter: gain-bandwidth product 
and slew rate. In Figure 1 , for Q. of less 
than 1, the gain-bandwidth product of 
the amplifier, f AMp , must be at least 100X 
gainXf CUT Xk., where Q. is the quality 
factor of the i th partial filter and k. is the 
ratio of the partial-filter-corner fre- 
quency to the overall-filter-corner fre- 
quency. For Q. greater than 1, f A MP = 
lOOXgainX (f^) X VKQ^CT 
(Q. 2 -0.25)], where a. is the i th coeffi- 
cient in the partial-filter-transfer func- 
tion. The gain-bandwidth product of the 
operational amplifiers appears in the 

PARTIAL FILTERS 



A FEW BUTTERWORTH-DESIGN CONSTANTS 



FILTER 
ORDER 


i 


a. 


K^CUT-i^CUT 


o, 


4 


1 


1.8478 


0.719 


0.54 




2 


0.7654 


1.390 


1.31 


5 


1 


1 


1 


NA 




2 


1.6180 


0.859 


0.62 




3 


0.6180 


1.448 


1.62 



FIRST- 
ORDER 
FILTER 



NOTE: 

b,, b 2 , b 3 , AND SO 
ON, EQUAL 1. 



Figure 1 You build a multi- 
order analog filter by cas- 
cading first- and second- 
order filters. 




FOURTH 
ORDER 
FILTER 



FIFTH- 
ORDER 
FILTER 



OUT P^CUT 7 ' 



f. 



that the slew rate>(TrV ( 
where V OUTp p is the expected peak-to- 
peak output-voltage swing below your 
filter's cutoff frequency. 

The most common topologies for 
active, second-order, lowpass filters are 
the noninverting Sallen-Key and the 
inverting multiple feedback (Reference 
1 ). If you need a higher order filter, you 
can cascade both of these topologies 
(Reference 2). 

When using the Sallen-Key circuit, 
input-common-mode-voltage range 
(V CMR ) and input bias current (I B ) can 
also affect you. In this configuration, 
V CMR limits the range of your input sig- 
nal. Additionally, the input bias current 
conducts through the external source 
resistance. The voltage drop that the 
input-bias-current error causes appears 
as an additional input-offset voltage. 
Also, be aware that this circuit has high- 
frequency feedthrough.EDN 

REFERENCES 

El Bishop, J, B Trump, and RM Stitt, 
"FilterPro MFB and Sallen-Key Low- 
Pass Filter Design Program," Texas 
Instruments application note SBFA- 
001 A, November 2001, www.ti.com. 
a Mancini, Ron, Op Amps for Every- 
one, ISBN-0-7506-7701-5, Elsevier- 
Newnes, April 2003. 

Bonnie Baker is a senior applications engi- 
neer at Texas Instruments and author of 
A Baker's Dozen: Real Analog Solu- 
tions for Digital Designers. You can 
reach her at bonnie@ti.com. 
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The RoHS deadline will hit soon. 
Sure your distributor won't drop the ball? 
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Dropped call: breaking 
down a broken cell phone 

ne man's trash is another man's treasure." 
m ^ That's the thought that ran through my 
I I mind when I discovered a Sanyo MM- 

% M 8300 advanced cell phone, snapped into 

^^^^^F two pieces at the clamshell hinge and 
lying in the curb near my home office- What's under the 
phone's fashionable plastic skin, and how did Sanyo squeeze 
such a plethora of functions into a 3.35 X 1.85 X0.97-in. 
(85x47x25-mm), 3.60oz (102g) form factor? 



Qualcomm (www.qualcomm. 
com) chips form the silicon 
foundation of the phone's 
design: the MSM61 00 
application processor, which 
resides under a thermal pad; 
the RFL6000 low-noise 
amplifier; the RFR6000 RF- 
to-receiver-baseband con- 
verter; the RFT61 00 trans- 
mitter-baseband-to-RF con- 
verter; and the PM66xO 
power-management IC, if 
that is indeed what the cryp- 
tically labeled "BH6318GL" 
chip is. 



Another cryptically labeled chip 
is, I suspect, a single-chip, multi- 
die, stacked combination of RAM 
and flash memory under the 
ROM-code sticker. Notice, too, 
the abundance of passive com- 
ponents on the densely packed 
pc board. The phone's designers 
electrically isolated the analog 
and digital subsystems from each 
other to mitigate interference 
effects. 



The flash-inclusive embed- 
ded camera captures 
640X480-pixel VGA-reso- 
lution still images, along 
with video streams as long 
as 30 seconds in 1 76 X 
1 44- or 1 28 X 96-pixel reso 
lution. Java 2 Micro Edition 
and 3-D-graphics capabili- 
ties provide numerous 
application opportunities; 
the MM-8300 also sup- 
ports Sprint's streaming- 
audio and -video services. 





[+] For expanded analysis and additional 
internal pictures of the MM-8300, visit 
www.edn.com/060608pry. You can also 
search the Federal Communications Com- 
mission's Web site (www.fcc.gov) for docu 
mentation, using approval ID number 
AEZSCP-83H. 



The MM-8300 includes a 1 .8-in.- 
diagonal, 1 76X220-pixel primary 
LCD and a 1 -in., 72 X 72-pixel sec- 
ondary LCD, each of which can 
resolve 64,000 colors. Cellular voice 
modes include 850-MHz AMPS 
(Advanced Mobile Phone System), 
both 850- and 1 900-MHz CDMA 
(code-division-multiple-access), and 
Sprint's Ready Link "walkie-talkie." 
The MM-8300 also supports 1 XRTT 
(radio-transmission-technology) cellu- 
lar-data services, such as WAP 
(Wireless Application Protocol) 2.0- 
compatible browsing. 
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"The Fujitsu FlexRay 

controller is driving next generation 

multiplexing technology/' 




RACE TOWARDS THE NEXT 
AUTOMOTIVE NETWORK WITH 
THE NEW FLEXRAY, CAN, LIN, 
AND IDB-1394 CONTROLLERS. 

Fujitsu's new FlexRay controller enables X-by-Wire 
technology for in- vehicle networks. This application- 
specific standard product complements all of the existing 
standard automotive buses including CAN and LIN. 
Based on Bosch IP, this next-generation controller 
delivers 1 Megabits per second over two channels 
and provides fault-tolerant, deterministic transmission, 
suitable for the engine control, braking and steering 
subsystems now being introduced using the FlexRay 
protocol. Fujitsu is committed to developing FlexRay 
embedded microcontrollers for further integration. 




For more information, call (800) 866-8608 
or visit http://us.fujitsu.com/micro 



FLEXRAY 

• The world's first controller based on FlexRay version 
2.0 standard and on track for version 2.1 

• Configurable parallel interface 

MICROCONTROLLERS 

•8-bit, 16-bit, 32-bit MCUs 

• Up to 6 CAN supports, 128 messages per channel 

• Multiple serial interfaces (CAN, LIN, PC, SIO, UART) 

• High-speed and multiple A/D conversion units 
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THE POSSIBILITIES ARE INFINITE 
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Power Levels to 3 Watts, Frequency Response 
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Applications in Power Supplies, DC-DC 
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Pulse Transformers 

10 Nanoseconds to 100 Microseconds. ET 
Rating to 150 Volt Microsecond, Manufactured 
and tested to MIL-PRF-21038. 

Multiplex Data Bus 
Pulse Transformers 

Units are electrical equivalents of QPL MIL- 
PRF-21 038/27. Manufactured to MIL-STD- 
1553 Command Response Military Data Bus 
Requirements designed to meet MAC AIR 
SPEC A3818, A5690, A5232 and A4905. 
QPL M21 038/27 units available in plug-in. 

DC-DC Converter 
Transformers 

Input voltages of 5V, 12V, 24V And 48V. 
Standard Output Voltages to 300V (Special 
voltages can be supplied). Can be used as self 
saturating or linear switching applications. All 
units manufactured and tested to MIL-PRF-27. 

400Hz/800Hz Power 
Transformers 

0.4 Watts to 150 Watts. Secondary Voltages 5V 
to 300V. Units manufactured to MIL-PRF-27 
Grade 5, Class S (Class V, 155°C available). 
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See PICO's full Catalog Immediately on the internet 
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► AIR BAGS 

► ENGINE-CONTROL UNIT 

► LIGHTING SYSTEM 

► AIR CONDITIONING, CLIMATE CONTROL 

► CRASH SENSORS 

► INTEGRATED STARTER/GENERATOR 

► BRAKING SYSTEM 

► TRANSMISSION CONTROLS 

► POWER-TRAIN SYSTEM 

► IN-VEHICLE NETWORKS 

► ELECTRONIC STABILITY CONTROL 

► ELECTRONIC STEERING 

► INFOTAINMENT SYSTEM 

► WINDOW AND DOOR SYSTEMS 

► POWER DISTRIBUTION AND CONNECTIVITY 




BY ROBERT CRAVOTTA • TECHNICAL EDITOR 

MAKING VEHICLES 

SAFER 



Figure 1 Many emerging 
safety features begin as 
convenience features in 
high-end vehicles. 
Contemporary middle-class 
cars contain around 30 
electrical/electronical sys- 
tems, 50 to 1 00 micro- 
processors, and more than 
100 sensors (courtesy 
Robert Bosch GmbH). 



BY MAKING THEM 

SMARTER 

NEW FEATURES MUST BE SMARTER TO ADD VALUE WITHOUT 
DISTRACTING THE DRIVER AND INCREASING THE RISK OF ACCIDENTS. 



According to semiconductor-market-research company 
IC Insights, electronic content made up 23% of the 
total price of an automobile in 2004, and it will make 
up 40% of the price by 2010. Many of the earliest in- 
car electronic systems replace mechanical systems, 
and they provide more efficient operation of the vehicle for lower 
cost and higher reliability than the mechanical systems they 
replace. More recent in-vehicle electronics manage safety sys- 
tems, such as air bags and intelligent restraint systems, which 
automatically attempt to adjust and change the environment in 
the vehicle to minimize the risk of serious injury and death to 
drivers and passengers while a crash is occurring. 



In addition to new safety features, auto- 
mobiles are incorporating more conven- 
ience features for assisting the driver and 
for providing passengers with information 
and entertainment- Car manufacturers 
usually isolate the electronic systems for 
passengers from the convenience and 
safety systems that assist the driver. This 
article focuses on those electronics that 
are available or are in development that 
improve the driver's ability to direct and 
operate the vehicle. 

An increasing number of emerging 
safety features, such as object detection 
around the vehicle, begin as convenience 
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AT A GLANCE 

El Driver inattention is the leading 
factor in most accidents. 



El Electronic systems offload some 
of the cognitive load from the driver. 



El In-vehicle crash-avoidance 
features must accurately correlate a 
risk condition with the driver's intent. 



features in high-end vehicles (Figure 1). 
The feature supports adaptive cruise con- 
trol, in which the system enables the 
vehicle to adjust the cruising speed based 
on the road position; distance; and rela- 
tive speed of objects, such as other vehi- 
cles, without explicit driver intervention. 
A different implementation of the feature 



enables parking assistance and blind-spot- 
warning systems that can alert the driv- 
er when there is an object or vehicle in a 
risky position relative to the driver's like- 
ly goal position. 

COGNITIVE CYCLES 

An explicitly acknowledged value of 
convenience and safety systems for driv- 
ers is that they can make driving safer, 
easier, or less stressful. The implied value 
of these systems is that they might be 
able to alert and direct a driver's atten- 
tion to an important detail, thereby 
avoiding an accident. Peter Schulmeyer, 
director of strategy for Freescale's Trans- 
portation and Standard Products Group, 
points out, "A main aim of in-car elec- 
tronic systems currently in development 
or early deployment is to reduce the load 
on the driver." 



In 2004, police reported approximate- 
ly 6.2 million mo tor- vehicle accidents 
that killed 42,636 people and injured 
approximately 2.8 million (Reference 1). 
According to an NHTSA (National 
Highway Traffic Safety Administration) 
report and the VTTI (Virginia Tech 
Transportation Institute), driver inatten- 
tion is the leading factor in most crashes 
and near-crashes. The report found that 
80% of collisions and 65% of near-colli- 
sions involved driver inattention, such as 
from drowsiness or cell-phone use, with- 
in three seconds before the event. 

The development and deployment of 
passive safety systems, which improve a 
vehicle's crash worthiness and surviv- 
ability, are experiencing diminishing 
returns on the effort to improve them. 
Examples of preconditioning systems 
include tightening the tension in seat 



widespread use in vehicles. 
It optimizes communica- 
tion between user modules 
with low-speed transmis- 
sion requirements to 20 
kbps for applications such 
as seat, mirror, and power- 
window adjustments. 
Another in-vehicle commu- 
nication protocol, MOST 
(media-oriented systems 
transfer), succeeds the D2B 
(Domestic Digital Bus) pro- 
tocol, and it targets multi- 
media applications. 

The CAN (controller-area- 
network) protocol has 
replaced many proprietary 
systems to link the various 
electronic subsystems, 
including the engine con- 
troller, power train, and 
emission controller, in a 
vehicle. CAN implementa- 
tions support real-time 
communications with low- 
cost, off-the-shelf compo- 
nents in harsh environ- 
ments. CAN employs 
CSMA/CR (carrier-sense 



cess with colli- 
sion resolution), a nonde- 
structive, bitwise-arbitra- 
tion scheme. The CAN pro- 
tocol enables maximum 
bus usage during a bus 
conflict by sending higher 
priority messages first. 
CAN'S maximum achievable 
data rate is 1 Mbps, and 
the limiting factor on the 
maximum bus capacity is 
the response time. The 
maximum latency for the 
highest priority messages 
is approximately 150 msec. 
During the early stages of 
the design, the designer 
assigns a numerical value 
to a message, which estab- 
lishes its priority; the mes- 
sage's identifier contains 
this value. The lower the 
numerical value, the higher 
its priority. 

The FlexRay Consortium 
has since 2000 been devel- 
oping the FlexRay commu- 
nications technology, which 
targets high-speed control 
applications in vehicles to 
increase safety, reliability, 



and comfort. FlexRay is 
positioning itself as a sub- 
stitute for CAN for those 
applications that require 
data rates beyond what 
CAN supports or having 
multiple CAN buses in par- 
allel. FlexRay also suits 
automotive backbones to 
provide connectivity be- 
tween several networks. 

FlexRay supports two 
communication channels, 
each operating at a 10- 
Mbps data rate. The proto- 
col uses an access method 
based on a synchronized 
timebase, and it organizes 
messages so that each has 
a known latency within a 
guaranteed tight variance. 
FlexRay can optionally 
redundantly transmit indi- 
vidual messages to provide 
an additional layer of net- 
work reliability and main- 
tain the most efficient use 
of the network bandwidth. 

FlexRay supports flexibil- 
ity in optimizing the system 
for availability or for 
throughput by supporting 



static- or dynamic-band- 
width allocation, respec- 
tively; this approach allows 
designers to extend a sys- 
tem without adjusting the 
software in the nodes. 
FlexRay supports bus and 
star topologies and a vari- 
ety of configuration param- 
eters, such as the duration 
of the communication cycle 
or the message length. 

Migrating from event- 
driven CAN to time-driven 
FlexRay communication is 
a paradigm shift for in- 
vehicle communication, 
and it requires retraining of 
all involved parties. For 
example, start-up is one of 
FlexRay's most complex 
operating phases because 
the communication is 
based on a fault-tolerant, 
synchronized clock scheme 
that has no master to set 
the timebase at start-up. 
Instead, you must use an 
alternative procedure to 
establish a timebase. The 
adoption of FlexRay will 
take some time. 
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We engineered our first touchscreen back in 1971. Today, we're still the 
leader. Elo touchmonitors for healthcare and medical applications feature 
durable designs for long-term reliability with no need for recalibration. 
And they won't quickly become obsolete. 

Anyone who's experienced our Entuitive™ touchmonitors will tell you: they 
simplify complex tasks and resist most anything - from up to 35 million 
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sizes, displays and form factors. All backed by strong technical support 
and customer service. Learn more at www.elotouch.com 
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belts, moving the seats into a position 
best for the safest air-bag deployment, and 
closing the windows and sunroof in 
response to an imminent crash. The find- 
ings of this report support the significant 
value potential for electronic systems that 
can bridge the driver- inattention gap. 
This realization is pushing the focus of 
new systems for active roles that can alert 
the driver or actively affect how the vehi- 
cle is operating to avoid an accident in 
the first place (Figure 2). 

As automobiles become more auto- 
nomous, the driver's focus will be able to 
shift toward directing the vehicle to the 
destination and away from the mechan- 
ics of operating the vehicle. Adaptive 
cruise control, for example, uses radar 
(radio detection and ranging) to maintain 
a safe distance from another vehicle while 
traveling on the road, thus offloading 
some of the cognitive load from the driv- 
er and filling in for the driver during 
moments of inattentiveness. The system 
can more quickly and more precisely 
respond than the driver to changes in 
speed of the leading vehicles. 

Electronic stability control combines 
antilock brakes, traction control, and yaw 
control to assist the driver to maintain 
control of the vehicle. The system oper- 
ates by comparing the direction the driv- 
er wants to go with the vehicle's actual 
response; it accomplishes this task by cor- 
relating the steering-wheel and braking 
sensors with sensors measuring vehicle 
yaw and roll acceleration, as well as the 
rotation of each wheel. When the system 
detects differences between the driver's 
commands and the vehicle's behavior, the 
system intervenes by applying braking 
forces to the appropriate wheels to correct 
the path of the vehicle for understeering 
and oversteering. The system may also 
include a connection to the vehicle's 
power- train controller to reduce the 
engine torque as needed. 

INFER INTENT 

To provide capabilities that help avoid 
crashes, systems need to be able to rec- 
ognize potential crash indicators seconds 
before an accident occurs. It is important 
for a safety system to be able to infer the 
driver's intent and correlate that intent 
with the vehicle's behavior so that the 
system can avoid taking predictive 
action based on false and incorrect con- 
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Figure 2 Depending on the significance and timing of a threat, the active and preven- 
tive safety systems inform the driver as early as possible, warn the driver if there is no 
driver reaction to the information, and actively assist or intervene to avoid an accident 
or mitigate its consequences (courtesy PreVent). 



elusions. Active safety systems that inter- 
vene as a crash is beginning become 
active within a fairly narrowly defined set 
of conditions and are associated with the 
vehicle's acting in an unstable or a dis- 
tressed manner. 

For systems that predict and recognize 
potential threats with time to avoid the 
threat, the need to accurately infer the 
driver's intent is more important and dif- 
ficult. First, false alarms immediately 
erode and quickly destroy the value of the 
warnings because the driver either turns 
off the system or ignores the warning. For 
these systems to be effective, they must 
alert few or no false or irrelevant condi- 
tions to the driver. For example, for a driv- 
er that follows a consistent sequence of 
starting the vehicle first and immediate- 
ly putting on a seat belt, the seat-belt- 
warning system offers marginal value 
because it always alarms when the car is 
turned on. 

The challenges facing a blind-spot- 
detection system illustrate the need to 
infer the driver's intent. If the system 
warns the driver whenever an object was 
in the blind spot, the driver would quick- 
ly disable the system. To be useful, the sys- 
tem should warn the driver of a blind-spot 
condition only when the driver intends 
to change the vehicle's position such that 
a collision with the detected object is a 
real possibility. This requirement com- 
plicates the task of notifying the driver of 
a blind-spot condition beyond just de- 



tecting the object. Examining a single 
driver control, such as the turn signal, is 
insufficient to accurately determine that 
the driver intends to change lanes. 

In addition to the sensors detecting the 
environment outside the vehicle, the sen- 
sors to infer the driver's intent can include 
collecting inputs from multiple points, 
such as the steering wheel, the brake 
pedal, the turn signal, the vehicle's iner- 
tial and acceleration-measurement sys- 
tems, and even examining the driver's 
body language through an in-cab vision 
system. No industry-standard algorithms 
exist for inferring the driver's intent to 
change lanes; such algorithms are the 
result of independent, proprietary re- 
search and development by the Tier 1 
automotive suppliers. 

SENSOR FUSION 

To support the need for high accuracy 
when acting on a risk condition, these sys- 
tems are receiving inputs from multiple 
sensors and types of sensors. Each type of 
sensor has strengths and weaknesses, and, 
by combining different types of sensors to 
cross-correlate redundant information, 
the systems can make better decisions. 
Manufacturers are deploying or exploring 
such technologies as radar, LIDAR (light 
detecting and ranging), infrared, ultra- 
sonic, and video for perceiving the envi- 
ronment (Figure 3). Each of these sensor 
technologies overlaps with the others, but 
each one provides unique strengths in 
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Output PWM that 
can Tackle a Wide 
Range of Voltages? 
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Figure 3 Sensor fusion, the combining and correlating of data from multiple types of sensors, allows vehicle systems to better identi- 
fy and accurately recognize conditions inside and outside the vehicle (courtesy Robert Bosch GmbH). 



different regions of the vehicle. 

Some car makers are mounting cameras 
in and on vehicles- The cameras point 
not only outward from, but also inward to 
the vehicle- Outward-pointing cameras 
can complement the other outward- 
pointing sensors by providing details that 
enable the system to perform not just 
object detection, but also object recog- 
nition to support behavior prediction. 
Inward-pointing cameras provide the sys- 
tem with occupant information, such as 
size, position within the seat, body lan- 
guage, and even facial expressions. 
Inward-pointing cameras support func- 
tions such as smart air-bag deployment, as 
well as detect when the driver experi- 
ences drowsiness or intoxication. 

The camera sensors continue to 
improve. For example, cameras that can 
support HDR (high dynamic range) can 
collect better image details across a wider 
range of lighting conditions than can cam- 
eras with a linear range. HDR-capable sen- 
sors are important for use with cars because 
they must operate in dark and bright envi- 
ronments. An HDR sensor, in contrast to 
a linear sensor, can detect details that 
bright environments wash out, and it miss- 
es fewer details in dark environments 
(Figure 4). HDR shines in situations in 
which both dark and light regions exist in 
the same scene. The linear mode of oper- 
ation affords greater differentiation 
between brightness levels if the scene 
maintains one range of light level. 



Other relevant sensor inputs capture 
information about the vehicle's behavior. 
These sensors include gyroscopes, accel- 
erometers, steering-wheel- and brake- 
pedal-position detectors, and tire-rota- 
tion-rate systems. Another source of 
information includes in-vehicle knowl- 
edge of what the environment should 
contain through the use of digital maps 
with positioning systems such as GPS 
(global positioning system). Devices 
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embedded in the road can wirelessly pro- 
vide additional local and real-time infor- 
mation to the vehicle. 

"Data fusion" involves combining 
these sensors and correlating their inputs. 
These inputs can enable the vehicle's 
electronic systems to identify its position 
and path relative to other objects near the 
vehicle, but, as these systems collect data 
from more types of sensors, there is an 
increase in the amount of needed real- 
time processing performance and of data 
that must traverse the in-vehicle networks 
(see sidebar "In-vehicle networks"). 

The vehicle network not only decreas- 
es the cost and weight of the vehicle by 
reducing components, but also enables 
designers to reduce or eliminate redun- 
dant sensors. For example, the air-bag and 
chassis system can share a gyro to sense 
the vehicle's stability and a rollover or 
impact condition. Sensor or data fusion 
may even enable designers to eliminate 
sensors or measure variables that are dif- 
ficult to place a sensor near with virtual 
sensors. Possible opportunities for virtu- 
al sensors include measuring tire pressure 
and road- surface type and friction. 

HUMAN-MACHINE INTERFACE 

The biggest challenge for electronic 
assist, convenience, and safety features 
may be in implementing the HMI 
(human-machine interface). The HMI 
must ensure that each of the predictive, 
active, and preventive systems in the 
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The Best Ambient Light 
Sensors and Their 
Closest Competitor 

With light sensitivity only matched by the human 
eye, Intersil's ISL29001 Light-to-Digital Converter 
provides simple, pure 15-bit l 2 C digital data. 

Drawing less than 300|jA of supply current, the ISL29001 provides 
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package. The digital data in standard PC format couldn't be simpler to 
use. It's no wonder EDN Magazine has sleeted one of this family's light 
sensors as a finalist for this year's Innovation of the Year Award. 



Innovative 2.1mm x 2.0mm 
clear ODFN Package. 




Simple l 2 C standard 
digital output code. 



Consumes just 300|jA of supply current in normal 
operation. A power-down pin provided which can 
reduce consumption to less that 1|jA. 



Filters out flicker generated 
from artificial light sources. 
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Enables easy adjustment 
of resolution from 3 to 15 
counts per lux. 



PC output code 
directly proportional 
to lux - no complex 
calculation needed. 
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ISL29001 Key Features: 

— PC Interface produces simple PC 
output code, directly proportional 
to lux 

— 0.3 lux to 10,000 lux range 

~— 50Hz/60Hz rejection to eliminate 
artificial light flicker 

— - Human eye response 

^ 15-bit effective resolution 

<— - Adjustable resolution: 3 to 15 
counts per lux 

^ 2.5V to 3.3V supply 

^- Temperature compensated 

^ 6-pin ODFN (2.1mm x 2mm) 

— Pb-Free plus anneal available 
(RoHS compliant) 



Datasheet, free samples, and 
more information available at 
www.intersil.com 
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HIGH PERFORMANCE ANALOG 



Intersil-Amplify your performance with advanced signal processing. 
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vehicle operates according to 
the expectations and the 
ergonomic and cognitive limi- 
tations of the driver. These fea- 
tures support the driver, and 
that support can have unin- 
tended consequences in how 
the driver's behavior may 
change in different situations. 

As these systems become 
more autonomous, the driver 
has less control of the vehicle. 
Systems that are partially 
autonomous may make driving 
more dangerous because they 
may contribute to more inat- 
tentiveness from the driver; the 
driver's response time could suf- 
fer in those events that require 
a decision. For example, if a collision is 
likely, which of two vehicles should the 
car hit to avoid hitting the other? What 
if the choice is between two pedestrians? 
Manufacturers cannot leave all of the 
decisions to the vehicle's control system 
until it can accurately recognize these con- 
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Figure 4 Improvements in sensors include the ability to collect 
better data over a wider range of conditions. The HDR (high- 
dynamic-range) ability of a camera system (a) enables the camera 
to see better details than a linear mode allows in an environment 
with extreme dark (b) or bright (c) lighting (courtesy Kodak). 



cepts and make appropriate decisions 
based on other external factors at the time 
of the incident. 

The HMI must consider the cognitive 
load on the driver. The way it presents 
data to the driver is an important con- 
sideration. The idea of presenting every- 



thing to the driver on a dis- 
play is a tempting idea, 
except that using a display 
demands the driver's atten- 
tion and constant polling to 
interpret the presented data. 
The display could become a 
distraction from the road 
because the cognitive burden 
may be too much if the dis- 
play is the mechanism to 
deliver warnings while driv- 
ing. The more information 
available on the display while 
driving demands the driver to 
perform more cognitive pro- 
cessing to filter and interpret 
the data. 
Telematic systems can offer 
a lot of convenience and value to a driv- 
er, but how the driver interacts with these 
systems is important. Merely switching 
radio stations proves to be a significant 
cognitive burden or distraction to a dri- 
ver's maintaining attention on the road. 
VoiceBox's Telematics Navigator is an 



Constrained by increased design complexity and shorter design cycles, 
PCB engineers must rely on accurate simulation results before committing 
designs to hardware. PSpice® A/D is a proven, advanced mixed-signal 
simulator with an interactive, easy-to-use graphical user interface that 
provides total control over the design. Availability of resources such as 
device models from many vendors, built-in mathematical functions, 
system-level simulation capability, and behavioral modeling techniques 
ensure an efficient design process. 

Support for a broad range of capabilities 

PSpice supports capabilities such as temperature and stress analysis, 
worst-case analysis, electro-mechanical simulation, Monte Carlo, and 
automatic optimization algorithms to improve the quality of designs. You 
can also design and generate simulation models for transformers and DC 
inductors and perform system-level simulations in conjunction with The 
MathWorks MATLAB® Simulink @ -PSpice (SLPS) integration. 



Visit us at www.ema-eda.com/PSpice to sign up for an upcoming 
webinar or call us at 800.813.7288 
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approach to reducing the cognitive load 
on a driver to navigate radio stations, as 
well as other telematic services that will 
become available to drivers. The system 
promises to allow the driver to use con- 
versational language to search and navi- 
gate capabilities. Check out the "Voice- 
Box and XM" link in the "More at 
EDN.com" box for a four-minute video 
demonstrating the system. 

As the cost of the underlying compo- 
nents for these types of systems continues 
to decrease, the opportunities for new in- 
vehicle-electronics convenience and 
safety features will increase. Moving in 
lock step with the decrease in component 
prices is the building of the software lay- 
ers for precursor functions that support 
more complex functions with more intel- 
ligence. Enabling software reusability and 
verifying increasingly complex systems at 
an industry level are keys to the forward 
momentum of these systems. AUTOSAR 
(Automotive Open System Architec- 
ture) is attempting to address the basic 
infrastructure for the management of 
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EE For more from Robert on auton- 
omous systems, read www.edn.com/ 
article/CA6288032. 

EB Robert takes a look at telematics 
at www.edn.com/article/CA336885. 

EB Go to the "VoiceBox and XM" link 
at the Web version of this article at 
www.edn.com/060608dfl. While there, 
you can click on Feedback Loop to post 
a comment on this article. 



functions for future applications and soft- 
ware modules. 

One last hurdle for these emerging sys- 
tems is the cultural acceptance of letting 
the automobile take over more of the 
tasks of driving. A complaint from driv- 
ing enthusiasts about the existing systems, 
such as electronic stability control, is that 
they make driving less fun. Also, as these 
systems become more interdependent, 



the opportunity for self-adjusting the 
vehicle will decrease as such changes 
could adversely affect the performance of 
the entire system. The underlying con- 
cept of these types of systems is appro- 
priate for any type of vehicle, such as 
planes, trains, and boats — not just auto- 
mobiles. The success of one system in one 
type of vehicle could translate to accept- 
ance in another type of vehicle. EDN 
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THE FPGA INDUSTRY FACES 
THE SISYPHEAN TASK OF 
ADDRESSING DEMAND 
FOR LOW-POWER OPERA- 
TION, EVEN AS VENDORS 
FACE THE LURE OF 
PERFORMANCE, DENSITY, 
AND PRICE-PER-GATE 
ADVANTAGES OF THE 
65-NM-PROCESS NODE. 



About eight years ago, just 

when FPGA vendors figured out 
how to increase the gate counts of 
their devices to rival those of 
ASICs, the market started demand- 
ing higher performance- It took the 
industry about four years to make 
these now-million-gate devices run 
at speeds comparable with those of 
ASICs. But it did so just as the mar- 
ket made low-power devices its top 
priorities. So, once again, the 
FPGA vendors are trying to address I 
demand for low-power operation as 
they approach ever- smaller process 
nodes. 

This time, however, the task of K 
meeting market demand is more 
challenging because, in making FP- 
GAs larger and faster over the years, 
FPGA-chip architects squeezed ™ 
more power and capacity from silicon 
mainly at the expense of increasing power 
consumption. FPGAs got most of their 
speed increase over the years from using 
thin-oxide transistors that grow thinner 
with every process reduction. Thinner 
gate oxides come with a nasty side effect: 
They leak power, and leakage, or static 
power, produces heat. Starting at the 130- 
nm node, static power in transistors began 
to explode. It got worse at 90 nm, and, if 
manufacturers fail to address the issue, it 
would get exponentially worse at 65 nm 
(Reference 1). 

In the race to have the fastest, highest 



capacity parts in the 65 -nm 
node, Xilinx and Altera have 
made power management a 
top priority. Neither has pro- 
duced a low-power miracle, so 
it's unlikely that large FPGAs 
are going to give ASICs a run 
for their money as the primary 
chips in large-quantity con- 
sumer-handheld-electronics 
applications, such as cell 
phones (see sidebar "What 
^^^^ drives FPGAs' demand for 
low power?"). FPGAs still 
■ consume 400 times more 
power than their ASIC 
^^^^T equivalents. However, FPGA 
vendors have seemingly made 
admirable progress toward stopping the 
leakage at the 65-nm-process node and 
make devices at those nodes less power- 
hungry than their 90-nm devices. 

Xilinx claims that it has stabilized leak- 
age and reduced dynamic power from 10 
to 50%, depending on configuration, so 
that its 65 -nm Virtex-5, which the com- 
pany released in May, has an overall lower 
power consumption than its 90-nm V4 
device but with 65% greater density, 30% 
better performance, and 45% less die area. 
Meanwhile, Altera claims that users will 
be able to configure its upcoming 65 -nm 
Stratix III device, due out next year, to 
consume on average half the power of its 
90-nm Stratix. Further, it claims that the 
65 -nm family will be the highest per- 
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AT A GLANCE 

9 FPGAs are 400 times more leak- 
age-prone than their ASIC equiva- 
lents. 



g Xilinx and Altera are stabilizing 
leakage in their 65-nm devices to the 
level of their 90-nm devices. 



9 Xilinx's and Altera's 65-nm 
devices will have lower dynamic 
power than their 90-nm devices. 



Q The companies achieve most of 
their dynamic-power reduction from 
shrinking the process to 65 nm. 



formance, lowest power FPGA on the 
market, with a capacity double that of its 
90-nm device. 

To address power at the 65-nm node, 
both companies have attacked the low- 
power problem on multiple fronts: in cir- 
cuitry and silicon at the architectural 
level and in power-savvy design tools to 
help users manage power in their FPGA 
designs. 

POWER AT 130 NM 

Both Xilinx and Altera say that 70 to 
90% of the power savings at the 65 -nm- 
process node come from changes to the 
circuitry and overall FPGA-chip archi- 



tecture. FPGA vendors started tweaking 
their circuits and architectures for low 
power at the 130-nm node — the first 
node in which leakage became nasty. 
Derek Curd, senior staff applications engi- 
neer at Xilinx, says that starting at the 
130-nm node, Xilinx started to become 
selective about the types of transistors it 
was using for each area of the device. In 
the 130-nm Virtex-2 family, the compa- 
ny used one transistor with higher thresh- 
old voltage and longer channels for I/O 
and used a second transistor with a thin- 
ner gate oxide for core logic, which oper- 
ates at high speeds and lower voltages. 

Starting with Virtex-4, the company 
added a third transistor, which had a mid- 
dle oxide layer that addresses both gate 
leakage from the gate oxide of a transis- 
tor to the substrate and source-to-drain, 
or subthreshold, leakage (Figure 1). 
"We've traditionally been concerned with 
subthreshold leakage, but as we go down 
in process nodes, the gate leakage is 
becoming a bigger component of the 
leakage story," says Curd. "At room tem- 
perature, it can be two -thirds of the total 
leakage. You can't control that by mak- 
ing longer channels; you have to do some- 
thing else. The midoxide gave us a dra- 
matically lower gate-leakage compo- 
nent." 

Altera reacted to the need for low 
power at the 130-nm mode primarily by 



moving from a traditional, four- input 
look-up table to adaptive-logic modules, 
which users can customize to serve their 
speed-versus-power requirements. Each 
module contains look-up-table-based 
resources; two full adders; some carry- 
chain segments; and two flip-flops, 
which designers can mix and match to 
create logic functions with as many as 
seven inputs in an adaptive-logic module 
or a mix of two- to five- input logic func- 
tions. Altera also uses thicker oxide tran- 
sistors in I/O, and its foundry, TMSC 
(www.tmsc.com), moved to a low-k di- 
electric. Each of these approaches adds 
another layer of protection against leakage. 

Xilinx also saved power on its 90-nm- 
node devices by placing more standard- 
cell hard IP (intellectual property) in its 
FPGA fabric. Xilinx offers three platform 
FPGAs at the 90-nm node, each con- 
taining hard IP for specific applications. 
It offers the SX ultrahigh-performance, 
signal-processing platform and the FX 
embedded-processing and serial-connec- 
tivity platforms. Meanwhile, Altera 
takes a one-size-fits-all approach with the 
90-nm-node Stratix II, gaining most of its 
power savings from its adaptive-logic- 
module-based architecture. The compa- 
ny last year somewhat followed the Xilinx 
model by offering the Stratix GX spe- 
cialized-platform FPGA, which adds 
high-performance transceiver IP to the 



WHAT DRIVES FPGAs' DEMAND FOR LOW POWER? 



and leakage greater than 
those of comparably 
sized ASICs, it is unlikely 
that FPGAs will soon dis- 
place ASICs as the main 
SOCs (systems on chips) 
in the next generation of 
cell phones. According to 
Tim Saxe, vice president 
of engineering at Quick- 
Logic, "green" require- 
ments drive much of the 
demand for low-power 
FPGAs. "Chances are 
that you spend more 
money powering up the 
clock on your microwave 



food with it," he say 



"When you use it for 
cooking, it runs at 1000W 
only for a few minutes, 
but that little clock is 
drawing 9 or 10W 24 
hours a day. If you can 
decrease those 9 or 1 0W 
to 4 or 5W, you can make 
a huge difference." 

The other factor driv- 
ing FPGAs to lower 
power is the fear of 
overheating. Heat in- 
creases leakage, and 
leakage increases heat. 
More and more, FPGAs 



cations such as base 



stations, which can be 
within units that with- 
stand the elements. This 
exposure raises ambient 
temperature. FPGAs may 
also find use in large, 
high-speed network 
equipment. The lack of 
ventilation, the exposure 
to sun, or both can 
increase heat and cause 
transistors to leak and 
yield more heat, which 
leads to thermal run- 
away and ultimately 
results in system failure. 



rtheless, users 
expect FPGAs to be 
power hogs in some 
applications and thus 
don't lower the power 
budgets for systems 
incorporating FPGAs. 
Vendors such as Altera 
and Xilinx are stabilizing 
the power levels of their 
high-performance FPGAs, 
doubling capacity, halving 
die size, and improving 
performance. All these 
improvements ultimately 
allow them to decrease 
the number of devices in 
a system. 
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AMPLIFIERS 



3-Ch. Low-Power Video Amp 
with l 2 C Control 



Channel 1 of 3 
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The THS73x3 family of high-performance video amplifiers from Texas Instruments provides 
the designer with unprecedented flexibility and control in configuring video systems 
without the need for hardware upgrades or modifications. Operating at 20x less power 
than competing amplifiers, these products are ideally suited for digital video systems like 
those incorporating Tl's DaVinci™ and DLP® technologies. 
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THS7313 


3 


8 
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AC-STC, 
DC, DC+Shift 


AC or DC 


Yes 


$1.20 


THS7353 


3 


9,16, 35 


5 


150 


0, 

Adjustable 


AC-Bias, 
AC-STC, 
DC, DC+Shift 


AC or DC 


No 


$1.65 



► Applications 

- Set-top boxes 

- Digital televisions 

- Personal video/DVD 
recorders 

- Portable USB 
devices 

► Features 

- 2.7V to 5V single-supply 
operation 

- Low power consumption: 
55mW at 3.3V 

-2:1 Input MUX allows 
multiple input sources 

- I 2 C Control of all functions 

- Integrated low-pass filters 
with 5th-order Butterworth 
characteristics 

-Selectable input coupling 
modes 

- Rail-to-rail outputs allow a 
variety of AC- or DC-coupled 
modes 

-Individual channel disable 
with independent channel 
mute control 



For Samples, 
Evaluation Modules and 
Technical Information 

www.ti.com/ths7303 o 800.477.8924, ext. 13277 




Technology for Innovators™ ^ Texas Instruments 



DaVinci, DLP, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1 566A0 



© 2006 Tl 



Stratix II fabric- The company's 
trump card in low power is Hard- 
Copy, which allows customers to 
mass-produce their devices at 
lower power in a structured ASIC 
(Reference 2). 

To attack power in 65-nm 
FPGA fabric, both Xilinx and 
Altera have again significantly 
changed circuitry and chip archi- 
tectures. Xilinx has released its V5, 
and Altera will next year release its 
65 -nm device. 



INNOVATION AT 65 NM 

With its 65-nm Virtex-5 FPGA, 
Xilinx is using a "smarter mix" of its 
three transistors, but the biggest 
change is that it steps beyond the 
traditional four-look-up-table ar- 
chitecture to a new six-look-up- 
table architecture (Figure 2). This 
approach allows the company to use 
fewer large transistors because 
more logic processing occurs inside 
a look-up table, says Curd. Xilinx 
has also changed the clustering of these 
six-input look-up tables. In Virtex-4, each 
configurable-logic block has four slices, 
and each slice has two look-up tables and 
two flip-flops. To reduce power con- 
sumption, the V5 has four six- input look- 
up tables and four flip-flops. The total 
remains the same at the configurable- 
logic-block level, allowing the company 
to employ multiple look-up tables, build 
larger memories and multiplexers, and 
build wider functions, according to Anil 
Telikepalli, senior marketing manager for 
Virtex products. Xilinx is also adding V5 
diagonal routing, similar to Cadence's 
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Figure 1 Xilinx's continued use of triple oxide and 
hard IP helps the Virtex-5 achieve 35% lower dynam 
ic power and maintain the same leakage rate of its 
90-nm Virtex-4. 



X-Architecture, as well as traditional, 
north-to-south, east-to-west routing. 
"You can now get to the diagonal neigh- 
bor directly," says Curd. "One hop gives 
you lower capacitance than two hops." 

The end result is that the V5 has 
approximately the same leakage as the 
V4. "If we had done nothing, we would 
expect a big increase in leakage," says 
Curd. Xilinx's goal with 65-nm devices is 
to keep pace with leakage and not follow 
the predicted upward curve in process and 
architecture, he says. The V5 has 12 to 
40% lower dynamic power than do V4 
devices. Most of that dynamic-power sav- 
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Figure 2 Xilinx's Virtex-5 has a six-look-up-table architecture that reduces the amount of neces- 
sary routing and logic levels, which also reduces power. 



ings results from the process reduc- 
tion, but some of it comes from the 
architectural changes. Whereas 90- 
nm devices have 1 .2V core power, the 
65-nm Xilinx devices have IV core 
power. The 65-nm V5 devices also 
offer about 15% improvement in 
internal-node capacitance over V4- 
"The transistors are getting small- 
er, so you have fewer parasitics from 
the transistor itself and shorter dis- 
tances between logic," Curd says. 
"Fundamentally, you get a 15% 
capacitance reduction. When you 
multiply that figure with the voltage 
reduction, you get in the neighbor- 
hood of a 40% dynamic-power reduc- 
tion from the process reductions." 
Curd says that figure can rise to per- 
haps 50% power reduction if your 
design maps well into the V5's six- 
input-look-up-table architecture, 
which contributes to the dynamic- 
power savings, too. He says that, if you 
tune a V5 LX to run at its highest fre- 
quency, 550 MHz, it still has 12% less 
dynamic power than the V4- Part of the 
device's dynamic- and leakage-power sav- 
ings results from Xilinx's weaving in hard- 
IP blocks. Xilinx plans to offer the Virtex- 
5 LX platform for high-performance logic, 
the Virtex-5 LXT for high-performance 
logic with serial connectivity, the Virtex- 
5 SXT for high-performance digital-sig- 
nal processing with serial connectivity, 
and the Virtex-5 FXT for embedded pro- 
cessing with serial connectivity. Xilinx 
V5 devices require one IV power supply 
for core logic, one 1.8 or 2.5V supply for 
I/O, and a third for auxiliary power. 



NOT STAN DING STILL 

Paul Ekas, senior product- 
marketing manager for high-end 
FPGA products at Altera, says 
that, in creating the architecture 
for its 90-nm Stratix II FPGAs, 
the company evenly distributed a 
mix of power-resistant and thin- 
oxide transistors throughout the 
device's fabric. Altera also 
cranked down the transistors' 
clocks to save power. Ekas says 
that, in approaching the 65-nm 
node, Altera created an archi- 
tecture that reflects real-world 
applications that require the 
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Synchronous Buck Controller with 1% Voltage 
Feedback Accuracy Across -40 to +125°C 



National's LM2742/43/44/45/46/47/48 Controllers Provide Down Conversion to Output 
Voltages as Low as 0.6V 
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LM2747 
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Ideal for use in cable modems, DSL and ADSL, laser and ink jet printers, low voltage power modules, DSP, 
ASIC, core, and portable computing 
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LM2742 


50 kHz to 2 MHz 


40 ns Minimum on-time 


TSSOP-14 


LM2743 


50 kHz to 1 MHz 


Tracking 


TSSOP-14 


LM2744 


50 kHz to 1 MHz 


External reference, tracking 


TSSOP-14 


LM2745 


50 kHz to 1 MHz 


Pre-bias operation, ext clock 250 kHz to 1 MHz 


TSSOP-14 


LM2746 


50 kHz to 1 MHz 


1% Accuracy 0°C to 85°C, start-up delay 


Thermally enhanced TSSOP-14 


LM2747 


50 kHz to 1 MHz 


1% Accuracy -40°C to 125°C, pre-bias operation, 
external clock, programmable soft start 


TSSOP-14 


LM2748 


50 kHz to 1 MHz 


Pre-bias operation, 1.5% accuracy 


TSSOP-14 




For FREE samples, datasheets. Power Designer, and 
more information on the LM2742/43/44/45/46/47/48, 
contact us today at: 



power.national.com 



Or call: 1-800-272-9959 
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fastest transistors for the critical 
path. The rest of the design does- 
n't require the fastest, most leak- 
age-prone transistors- With 
Stratix III, Altera complements its 
high-performance logic elements 
with new, low-power logic and 
power-down elements for critical 
paths (Figure 3)- "We can 
change anything that is not the 
critical path to be low-power logic 
in the silicon via programming," 
says Ekas. "During programming, 
we tell each logic element to be 
either fast or low-power. For 
unused logic, you go into power- 
down mode, making it as little 
prone to leakage as you can, and 
you don't route clocks to it, so you 
isolate it from all signals." 

The Stratix III will have a core voltage 
of 1.1 V and higher standard-I/O voltages, 
such as 1.8 and 2.5V. "For the baseline 65- 
nm device, you can use a Stratix II power 
supply, and, if you add a second power 
supply, you can add a second core volt- 
age," says Ekas. "If you port a design you 
implemented in Stratix II to a new Stratix 
III device, you will see a 50% power 
reduction. If you raise the clock rate of 
that design 20%, you see a 30% power 
reduction, and, if you decrease the clock 
rate of the design by 30%, you get a 70% 
power savings." 

NEW POWER TOOLS 

Both vendors claim that they are 
adjusting their EDA suites to reduce the 
number of steps users need to take for 
managing power. As with their 90 -nm 
offerings, both companies will offer 
power-estimation, -analysis, and -opti- 
mization tools for users concerned about 
power but whose tool sets automatically 
manage most of the power. Xilinx's 
power-optimization tool plugs into the 
Virtex-5 tool set, and the company is also 
moving into power-optimized synthesis 
and physical synthesis. "You get 80 to 
90% of the benefit from the architecture 
itself, but, if you need to scrape off some 
milliwatts to get into an application, you 
can use the tool flows," says Curd. Xilinx 
made its place-and-route algorithms 
more cognizant of low power. Rather than 
cluster similar functions in tighter 
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Figure 3 Altera's Stratix III assigns high-performance logic elements to critical paths and 
low-power logic elements to noncritical paths, and it powers down unused logic elements 
to reduce leakage. 



spaces, the router identifies and optimizes 
those nodes having the highest switching 
activity to reduce power. "A popular 
generic approach to saving power is to 
pack things as tightly as possible to min- 
imize distances and thus minimize capac- 
itance and therefore power," says Curd. 
"To bring it to the next level, you have 
to bring in activity rates. What critical 
nodes have the highest activity rates? 
Optimizing those will give you the most 
benefit." The company plans to add more 
power-enabled tools this summer when it 
launches the ISE (integrated software 
environment) Version 8.2 software. 

Altera's power- management functions 
will be automatic, pushbutton features. 
Altera also offers PowerPlay software in 
its Quartus II suite for users who need to 
design for low power. The suite includes 
a power estimator for use before synthe- 
sis and a postroute-power analyzer. A 
third power tool performs toggle analysis 
and helps users interconnect and select 
logic. However, power management isn't 
the biggest concern for users of Stratix III, 
says Ekas. "The big challenge for design- 
ers is going to be what you can do with 
another doubling of gates," he says. Dou- 
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bling the number of gates means that 
more designers must work on one FPGA 
project, so Altera is ramping up team- 
based design software to go with its 65- 
nm devices. 

Timing closure will also re-emerge as a 
primary concern for these large devices, 
so Altera provides the TimeQuest timing 
analyzer, which features incremental syn- 
thesis and a design-space explorer to 
automatically meet timing constraints. 
The analyzer runs SDC (Synopsys- 
design-constraint) format in native 
mode. Both vendors are also working with 
commercial EDA vendors to develop 
power- saving FPGA tools. 

TACKLING LOW POWER 

Although Xilinx and Altera are tam- 
ing leakage in their high- end FPGA 
devices, many vendors offer smaller, slow- 
er devices that suit low-power use. Some 
devices even specialize in low power. For 
example, Lattice Semiconductor this year 
introduced its high-performance, high- 
gate-count, SRAM-based SC (system- 
chip) family (Reference 3). Whereas Xi- 
linx's and Altera's 90-nm parts operate 
from 1.2V core supplies, designers can 
tune down the 90-nm Lattice SC family 
to IV if customers require power savings. 
"You get a 50% power reduction if you 
run it at IV, and it impacts the perform- 
ance by only 15%," says Stan Kopec, vice 
president of corporate marketing at Lat- 
tice. "By designing the devices to work 
over this expanded voltage range, we pro- 
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Highest Full-Power Bandwidth 12-bit Dual, 
80 MSPS A/D Converter 



Excellent Response to 200 MHz Eliminates Intermediate Frequency (IF) Stage and 
Reduces Power Consumption 



Signal Path Solution ADC12DL080 

SNR, SINAD, SFDR vs F| N 




Product ID 


Speed (MSPS) 


Bandwidth (MHz) 


Power (mW) 


Scales with 
clock freq. 


SNR(dB) 


SFDR (dB) 


ADC12DL040 


40 


250 


210 


✓ 


69 


86 


ADC12DL065 


65 


250 


360 


✓ 


69 


86 


ADC12DL080 


80 


600 


447 


✓ 


69.3 


82 



Complete your signal path design with LMH® high-speed amplifiers 



Ideal for use in IF sampling receivers, medical imaging, portable instruments, and oscilloscopes 




Tips, tricks, and techniques from the 
analog signal path experts. Sign up today at 
signalpath.national.com/designer 



For FREE samples, datasheets, online design tools, and more 
information on the ADC12DL080, contact us today at: 



www.national.com/adc 



Or call 1-800-272-9959 
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vide a useful tool to help the system 
designer dial in performance and power 
consumption," he says- Both Lattice and 
Actel also have lineups of nonvolatile 
FPGAs. The devices have inherently 
lower power than SRAM-based devices 
but lack the top performance and capac- 
ity of the Virtex and Stratix devices- 
Martin Mason, director of silicon-prod- 
uct marketing at Actel, believes that 
moving to a 65 -nm-process node may be 
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a bad move for SRAM vendors- "What 
are they going to give customers at 65 nm? 
Is it speed, price, power, or are they going 



to try to compromise on all three and not 
do any of them well? Maybe the 65 -nm 
node doesn't bring an awful lot to the 
party in any of those areas," he says. He 
asserts that the 65 -nm node brings power 
headaches and that customers, especial- 
ly those in the "value market," aren't 
looking for higher performance FPGAs . 
"From a price perspective, they are push- 
ing the burden onto the board and out of 
the device," says Mason. He believes that 
these vendors will increase the total sys- 
tem-cost requirements with additional 
high- tolerance power supplies, power 
sequencing, and power management, all 
of which are driving the analog business 
to double-digit growth. Actel prefers 
instead to integrate more of the board and 
the system by using unique process tech- 
nology. The company's latest device, 
Fusion, has a deep-sleep mode, which lets 
you power it down to 10 |xA of standby 
current (Reference 4). 

Low power has also become Quick- 
Logic's theme. The company's one-time- 
programmable, antifuse PolarPro and 
Eclipse II devices require little current 
and act as gatekeepers to power down 
power-hungry devices when not in use 
(Reference 5).EDN 
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18-bit resolution with software-selectable inputs 
With SAR ADCs, analog is everywhere 




SAR ADC Performance ... 

14-bit/16-bit/1 8-bit resolution 
Multiple programmable input ranges 
Sampling rates to 1 MSPS 
<10 ppm integral linearity error 
100dBSNR 

Parallel and serial interface 
48-LFCSP, 48-LQFP packages 



. where it matters 

High speed data acquisition 
Industrial process control 
Precision monitoring systems 
Programmable logic controllers 
Medical instruments 



Part 
Number 


Resolution 
(Bits) 


Sample 
Rate 
(kSPS) 


Max 
Operating 
Power 
(mW) 


Analog 
Input Range 


Price 
($U.S.) 
1K 


AD7634 


18 


670 


165 


10 V Diff, 20 V Diff, 
1 V Diff , ±20 V Diff 


31.45 


AD7631 


18 


250 


110 


10 V Diff, 20 V Diff, 
10 V Diff, ±20 V Diff 


29.45 


AD7612 


16 


750 


165 


5 V, 10 V, 
±5 V, ±10 V 


29.45 


AD7610 


16 


250 


100 


5 V, 10 V, 
±5 V, ±10 V 


12.90 


AD7951 


14 


1000 


165 


5 V, 10 V, 
±5 V, ±10 V 


10.99 



New PulSAR® ADC offerings deliver unmatched flexibility 

There's a new performance standard in programmable SAR ADCs. 
ADI's next generation of PulSAR ADCs provides greater resolution, 
speed, and flexibility than previously available. The new product 
offerings employ our patented /CMOS™ technology— a manufac- 
turing process that brings submicron advantages to high voltage 
applications. They feature the following benefits: 



Software selectable unipolar and 
bipolar input ranges, eliminating the 
need for front end circuitry 




analog is everywhere: 



14-bit, 16-bit, and 18-bit resolution, 
2.5 LSB, and <10ppm INL 

Speeds up to 1 MSPS— up to 
10 times faster than competitive 
sampling rates 

A dramatic reduction in component 
costs and board space 



For enhanced functionality and design flexibility, check out the next 
generation of PulSAR ADCs. 
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Toshiba MLC NAND leadership provides 
the power to launch today's applications. 
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Impinj's Monza chip 
measures just 0.5X05 
mm. The four white 
pads at the corners 
are for connections 
to the antennas. 



RFID-TAG PRICES 
HAVEN'T YET 
REACHED THE 
MAGICAL 5-CENT 
MARK, BUT AGGRES- 
SIVE CHANGES IN 
TECHNOLOGY 
ARE PUSHING 
DOWN THEIR COST 
AND IMPROVING 
PERFORMANCE. 




RFID TAGS: ^ 

DRIVING TOWARD 
5 CENTS 



BY CHARLES J MURRAY • TECHNICAL EDITOR, DESIGN NEWS 



M akers of RFID chips and so-called inlays, which 
Mm include the chip, antenna, and substrate, have 
been trying for years to reduce prices for RFID 
tags to 5 cents. However, these manufacturers 
hesitate to do so because those less expensive tags 
may lack the capabilities of their more expensive 
counterparts. "We've been talking about the mythical 5 -cent 
price point for years," notes Mike Liard, RFID-practice director 
for Venture Development Corp. "Is it possible? Yes. But it may 
not necessarily be the type of tag you're looking for." As a result, 
most manufacturers haven't rushed to put 5 -cent tags on the mar- 
ket. Instead, they Ve been content to cut prices at a steady rate of 
about 5 to 10% per year since 2000 while improving the technol- 
ogy. As a result, users of the tags are employing them in applica- 
tions no one dreamed of a decade ago, despite their inability to 
reach the elusive nickel price. 



At McCarran International Airport in 
Las Vegas, for example, operators attach 
"bag tags" with dual dipole antennas to 
luggage to ensure that RFID readers in 
the handling system can communicate 
with all bags, no matter their orientation 
on conveyor belts- The technology, 
which Symbol Technologies developed, 
integrates two antennas 90° from one 
another; thus, the RFID tags can com- 
municate with the airport's RFID readers, 
no matter how baggage handlers toss the 
luggage onto conveyor belts- "If you want- 
ed to have a lower cost solution in which 
one antenna would work, the bags would 
have to be oriented in a certain way, and 
they'd have to pass the reader in a certain 
way," says Alan McNabb, senior director 
of product management for Symbol's 
RFID tags. "But with our tag, the orien- 
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AT A GLANCE 

El Adoption of RFID lags behind 
forecasts, partially because potential 
users don't understand the benefits 
of RFID. 



El Currently, 5-cent RFID tags lack 
the capabilities of their more expen- 
sive counterparts. 



El Process changes take time, espe- 
cially when they involve retraining 
people and reprogramming 
machines. 



El Developing the infrastructure for 
RFID calls for major capital invest- 
ment. / 

tat ion of the bag doesn't matter." 

Such dual- antenna tags haven't 
reached rock-bottom prices, but at rough- 
ly 20 cents each, they offer capabilities 
nickel tags can't match. Similarly, retail- 
ers have begun using tags with specialized 
antennas to enable garments buried in 
stacks to successfully "talk" to RFID read- 
ers. Again, cheaper tags are unlikely to 
achieve such feats. 

The bottom line is that while RFID 
vendors have been lowering their prices 
and improving their technology, they've 
been carving out new niches for them- 
selves. Increasingly, RFID tags are finding 
use on pallets, cartons, garments, luggage, 
DVD cases, pill bottles, and library books. 
And experts foresee their future use in 
low-cost, everyday items — from lipstick 
cases to cereal boxes. Although they 
won't soon replace bar codes, they nev- 
ertheless offer non-line-of-sight capabil- 
ity, which means that they can gather 
information on their whereabouts with- 
out the need for individual handling. As 
a result, they can deter theft and coun- 
terfeiting. 



"RFID is not labor-intensive," notes 
Sanjay Sarma, associate professor of 
mechanical engineering at the Massa- 
chusetts Institute of Technology and 
research director for MIT's Auto-ID Cen- 
ter. "It gives you information you can't get 
with a bar code, unless you have an army 
of people scanning every product." 

COST STILL KEY 

At costs of 10 to 20 cents apiece, how- 
ever, RFID tags are still far more expen- 
sive than bar codes, which is why the 
drive to 5-cent tags continues. "The state 
of momentum within the industry toward 
the 5-cent mark is healthy," Sarma says. 
"The good news is that it has gone beyond 
research. It's moved into development, 
and a lot of companies are looking to go 
to 5 cents." 

Whether 5 cents is their ultimate goal, 
makers of chips and inlays alike have tar- 
geted lower cost. Chip designer Impinj 
Inc, for example, is cutting costs through 
a novel semiconductor approach that 
enables the company to apply low-cost 
CMOS techniques to RFID devices. 
Unlike conventional RFID-chip makers, 
which typically use extra photo masks and 
process steps to create onboard, non- 
volatile EEPROM or flash memory on 
RFID chips, Impinj engineers use "self- 
adaptive silicon." Using the technique, 
they create special transistors containing 
gates that store bits of memory. By fabri- 
cating such transistors, they can make 
nonvolatile memories without resorting 
to the extra photo masks and steps that 
EEPROMs and flash memory require. 
"Self-adaptive silicon enables us to make 
nonvolatile memory with the simplest of 
CMOS processes," says Dimitri Desmons, 
vice president of marketing for Impinj. 

Impinj engineers say that self-adaptive 
technology can potentially cut pennies 
from chip costs. Moreover, such tech- 




Tracking of pallets, a traditional staple of 
the RFID market, could benefit from price 
reduction targeting consumer RFID. 



nologies even further reduce costs when 
manufacturers combine them with high- 
volume-assembly methodologies, such as 
those that Alien Technology developed. 
Alien, which employs FSA (fluidic self- 
assembly), recently cut inlay costs to 12.9 
cents each. A company founder devel- 
oped the technique, which he thought of 
while playing a child's game that required 
him to maneuver steel balls into tiny 
slots. The technique allows the company 
to package as many as 2 million chips per 
hour into RFID tags, compared with 
10,000 per hour using conventional 
methods. The trick, the company says, is 
to suspend the tiny semiconductor 
devices in a liquid and then "flow" them 
across the holes; the devices then drop 
into these holes and self-align. The self- 
assembly technology combines with 
growing production volume to enable 
Alien to cut its tag costs by nearly 50%, 
down from 23 cents each. 

Other vendors have attacked the cost 
issue from a different perspective. Symbol 
Technologies, for example, has cut the 
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Alien Technology's low-cost Squiggle tag uses fluidic self-assembly to package as many as 2 million chips per hour. 
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Impinj's "propeller" inlay targets UHF frequencies in different countries without charg- 
ing the chip or the antenna. 



cost of its tags through multiple efforts, 
not the least of which is its move from sil- 
ver to aluminum antennas- The company, 
which makes high-performance RFID sys- 
tems, moved from the higher conductiv- 
ity of silver to the lower conductivity of 
aluminum by developing an on-chip 
"charge pump" that helps boost the con- 
tinuity and strength of RF signals coming 
to the antenna- 



try, as well as in library books and on 
DVD and CD cases- The industry's 
biggest score to date, however, could be 
in the works in Europe, where rumor has 
it that the European Central Bank 
(www.ecb.int) is working with vendors on 
weaving RFID into the fabric of its bank 
notes. The technology, most probably for 
incorporation into larger bills, would 
enable money to carry its own history. 



Hence, it would become more difficult for 
kidnapers to ask for unmarked bills. It 
would also enable law-enforcement 
agencies to "follow the money" in illegal 
transactions. 

The project, which Wired and EE 
Times originally reported, was supposed 
to take effect in Europe's 2005 currency. 
Hitachi Ltd, which announced in Feb- 
ruary that it has developed the world's 
smallest RFID chip, measuring just 
0.4X0.4 mm X 7.5 microns, has frequent 
links with the European reports. Hitachi, 
however, denies it has worked on such a 
project. A European Central Bank 
spokesman says, "We cannot say any- 
thing about this, and we've requested 
that our providers sign a mutual agree- 
ment not to talk about it." 

Even if such projects never reach 
fruition, however, experts are confident 
that RFID will eventually be the back- 
bone of a plan that researchers call an 
Internet of things. In this scenario, almost 
everything, large and small, connects 
through the Web. The plan, which hard- 
ware and software protocols describe, calls 
for all information on a product to be 
written in a code based on XML (Exten- 
sible Markup Language). The code, 
which forms a Web page for each item, 
would connect through RFID tags to 
Internet servers. Thus, anyone in any 
location could instantly identify all prod- 
ucts. A broad coalition of corporate 
giants, including Coca-Cola (www.coca 
cola.com), International Paper (www. 
internationalpaper.com), Johnson & 
Johnson (www.jnj.com), Kimberly-Clark 
(www.kimberly-clark.com), Pepsi (www. 



AN INTERNET OF THINGS 

Such technologies are making inroads 
for RFID. Symbol, for example, has 
placed similar technologies on pill bot- 
tles for the counterfeit-wary pharmaceu- 
tical industry. "The pharmaceutical in- 
dustry has a huge issue with counterfeit 
products coming through the market," 
says Dirk Morgenroth, marketing man- 
ager for RFID at Philips Semiconductors. 
"They've been very vocal about using 
RFID." 

Manufacturers, including Philips, Tex- 
as Instruments, Impinj, and Alien, have 
also placed their RFID products on shirts, 
pants, and sweaters in the fashion indus- 
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Symbol Technolo- 
gies' "bag tags" 
use dual dipole an 
tennas to ensure 
that scanners can 
read each bag as 
it moves along 
airport conveyor 
belts. 
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Agilent 6000 Series Oscilloscopes 




• 100MHz-1 GHz BW 




• 2 or 4 analog channels 


Analog 


• 100,000 waveform/second update rate 




• XGA display with 256 intensity levels 




• Vector Signal Analysis option 




• 16 digital timing channels, time correlated 


Digital 


• Pattern and mixed-signal triggering 




• FPGA Dynamic Probe application 




• Serial bus decode and trigger for l 2 C, SPI, 


Serial 


CAN, and LIN; trigger only for USB 




• Up to 8Mpts of MegaZoom deep memory 



u.s. 1-800-829-4444 
Canada 1-877-894-4414 

www.agilent.com/find/scopesl 



With Agilent 6000 Series mixed-signal oscilloscopes, you can 
bring on the signals — and examine them in depth. 

Now it's possible — with a single acquisition — to capture 
analog, digital, and serial signals in real time, triggering from 
any combination of input channels. The 6000 Series lets you 
view time-aligned analog waveforms, logic patterns, and serial 
data streams on a single display, while correlating their 
interplay with a single instrument. 

The fast and responsive MegaZoom memory (up to 8Mpts) 
captures waveforms in higher resolution, over longer periods 
of time. You won't miss a detail in your design. 

Learn how you can look deep inside your mixed-signal designs. 
Download our latest application note about the Agilent 6000 
series at www.agilent.com/find/scopes1 . 
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Agilent Technologies 



PICO 



ULTRA MINIATURE 





Low Profile 

.24" ht 




• Manufactured and tested 
to MIL-PRF-27 

• Frequency range 
20 Hz to 250 KHz 

• Available from 

100 milliwatts to 3 watts 

• Impedance from 20 ohms 
to 100 K ohms 

• Operating temperature 
-55°C to +130°C 

• Low Profile .24" ht 



Delivery- 
stock to one week 




See EEM 
y0f^^ or send direct 
J?S^ for FREE PICO Catalog 
^Nr Call toll free 800-431-1064 

in NY call 914-738-1400 
Fax 914-738-8225 

f^l^^^J Electronics,lnc. 

143 Sparks Ave.. Pelham, N.Y. 10803 

E Mail: info@picoelectronics.com 



"THESE RFID TECHNOLOGIES WILL COEXIST 
WITH THE BAR CODE FOR A LONG TIME INTO 
THE FUTURE, BUT THEY WILL PROVIDE INFORMA- 
TION THAT A BAR CODE CAN'T: 'DID THE ITEM 
GO TO THE SALES FLOOR?' YOU CAN'T KNOW 
THAT WITH A BAR CODE." 



pepsi.com), Procter & Gamble (www. 
pg.com), and others, have supported such 
efforts through MIT's AutoID Center. 

Low cost is key to such plans, but 
researchers have worked that out, too. 
Ultimately, they say, everyday items will 
incorporate RFID, not on sticky tags, but 
through integration into the corrugate of 
cardboard boxes. Ongoing effort in this 
area will be one of the keys to lowering 
RFID cost, researchers say, because the 
technology eliminates the need for cer- 
tain parts of the tag. Manufacturers would 
integrate such technologies during the 
cardboard-manufacturing process, thus 
enabling cost reduction. 

"These RFID technologies will coexist 
with the bar code for a long time into the 
future," says Sarma of MIT. "But they will 
provide information that a bar code can't: 
'Did the item go to the sales floor? Did the 
meat sit in the fridge long enough?' You 
can't know that with a bar code." Sarma 
says such technologies will become 
widespread when production volume 
reaches a tipping point. When that sce- 
nario happens, it will drive costs down to 
a level low enough to motivate use of 
RFID on everyday items. And with re- 
tailers — particularly Wal-Mart (www. 
walmart.com) — pushing for RFID, the 
concept is realistic, experts say. "The 
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Grains of salt dwarf Hitachi's [x-Chip, 
which measures just 7.5 microns thick. 



question now is the tipping point," Sarma 
says. "When do you get to the percent- 
age that causes you to say, 'I'm going to 
put the tag inside the corrugate?' In the 
next year, we could see it happen."EDN 

AUTHOR'S BIOGRAPHY 

Chuck Murray is a senior technical edi- 
tor at Design News. You can reach him at 
charles.murray@reedbusiness.com. 

Design News is a sister publication of 
EDN. This article originally appeared in 
Design News' April 24, 2006, issue. 



FOR MORE INFORMATION 



EB For some more perspective on RFID, 
go to www.edn.com/article/CA6255053. 

EB Learn how Gillette is using RFID tags 
at www.edn.com/article/CA269309. 

EB Go to www.edn.com/060608df2 and 
click on Feedback Loop to post a com- 
ment on this article. 



Alien Technology 

www.alientechnology. 
com 

Hitachi 

www.hitachi.com 

Impinj Inc 

www.impinj.com 

Massachusetts 
Institute of 
Technology Auto-ID 
Center 

http://autoid.mit.edu 



Philips 

Semiconductors 

www.semiconductors. 
philips.com 

Symbol Technologies 

www.symbol.com 

Texas Instruments 

www.ti.com 

Venture Development 
Corp 

www.vdc-corp.com 



74 EDN 



JUNE 8, 2006 



ADVERTISEMENT 



36V Input DC/DC 

Converters 

High Performance Analog Solutions from Linear Technology 



A utomotive batteries, indus- 
\ trial power supplies, distrib- 
JL JLuted supplies and wall 
transformers are all sources of wide- 
ranging high voltage inputs. The 
simplest method to step-down these 
varying sources is to use a monolithic 
step-down regulator that can directly 
accept a wide input range and deliver 
a well-regulated output. A group of 
Linear Technology's growing family of 
high voltage DC/DC converters accept 
inputs from 3.6V to 36V (or higher) 
and provide excellent line and load 
regulation and dynamic response. 
Nevertheless, these mid-range 
converters are acceptable for a wide 
range of applications; however, we 



also offer higher voltage products with 
inputs up to 80V. In many automotive 
applications, these parts are required 
to meet a minimum input voltage 
scenario, known as cold crank, where 
the cars battery voltage can drop to 4V, 
yet a regulated 3.3V is required on the 
output. Similarly, during a load dump 
scenario, transients of 36V and higher 
can be found at the input of the DC/DC 
converter which is required to regulate 
at a constant voltage. All of the devices 
offer a high efficiency solution over a 
wide load range with a well regulated 
output. The LT®3481 can deliver up to 
2 A of output current and offers Burst 
Mode® operation with quiescent 
current of only 50uA while the LT3493 



and LT3505 can deliver up to 1 .2A 
from a very tiny solution footprints 
which utilize minimal external compo- 
nents. See Figure 8 for a profile of our 
high voltage monolithic buck. 

36V, 2A Step-Down Requires 
only 50|jA Quiescent Current 

The LT3481 is available in a 10-lead 
3mmx3mmDFN (orMSOP) package 
with an integrated 3. 8 A power switch 
and external compensation for design 
flexibility. The switching frequency is 
user programmable from 300kHz to 
2.8MHz. Figure 1 shows a schematic 
of the LT3481 capable of producing 
3.3V at 2A from an input of 4.5V to 



V|N ■ 
4.3V TO 
36V 



4.7jliF 



OFF fON" RUN/SS 

200pF 

■J- r-|| — v c 



15k: 
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Figure 1. The LT3481 800kHz, DC/DC Converter Delivers 2A at 3.3V Output 
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Figure 2. Efficiency vs Load Current for Figure 1 Circuit 
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Figure 3. LT3481 Burst Mode Operation at 10mA Load Current 
With V IN =12V For Figure 1 Circuit 



36V while Figure 2 shows resultant 
efficiency of the circuit (with V IN =12V 
nominal) . 

The LT3481 utilizes a unique low 
ripple Burst Mode operation which 
maintains high efficiency at light 
loads while keeping the output volt- 
age ripple below 15mV PK _ PK (Figure 
3). Low noise operation can be criti- 
cal if there are any noise-sensitive 
circuits such as wireless transceivers 
close by. During Burst Mode opera- 



A/ technology! LT3493EDCB 

(408} 432-1900 Mww.linflar.CDm 

1.2A, 750KHz STEP-DOWN SWITCHING 
REGULATOR IN 2mmX3mm DFN 




CI 
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Figure 4. LT3493 Demo Board Showing <50mm 2 
footprint 



tion, the LT3481 delivers single cycle 
bursts of current to the output capac- 
itor followed by sleep periods when 
the output power is delivered to the 
load by the output capacitor. Between 
bursts, all circuitry associated with 
controlling the output switch is shut 
down, reducing the input supply 
current to 50uA. Figure 3 shows the 
inductor current and output voltage 
ripple under single pulse Burst Mode 
operation from 12V input to 3.3V 
output. As the load current decreases 
to a no load condition, the percentage 
of time that the LT3481 operates in 
sleep mode increases and the average 
input current is greatly reduced result- 
ing in high efficiency. The LT3481 
also has a very low shutdown current 
(less than luA) that significantly 
extends battery life in applications 
that spend long periods of time in 
sleep or shutdown mode. 

Additionally, the LT3481's high 
side bootstrapping boost diode is inte- 
grated into the IC to minimize solution 
size and cost. When the output volt- 
age is at least 2.8V, the anode of the 
boost diode can be connected to 



output. For output voltages lower than 
2.5V, the boost diode can be tied to the 
input. For systems that rely on a well- 
regulated power source, the LT3481 
provides a power good flag that 
signals when V 0UT reaches 90% of the 
programmed output voltage. Finally, 
a resistor and capacitor on the 
RUN/SS pin programs the LT3481's 
soft-start, reducing maximum inrush 
current during start-up. 

36V Step-Down DC/DC 
Converters Deliver 1.2A 
from 50mm 2 

Both the LT3493 and the LT3505 
include an internal 1.75A, 36V 
power switches which are capable of 
withstanding 40V transients. Both 
parts deliver efficiencies as high as 
85% from 12V inputs. Their 0.78V 
reference voltage enables them to 
operate with output voltages as low 
as 0.8V. Both parts offer cycle-by- 
cycle current limit, providing protec- 
tion against shorted outputs and 
soft-start eliminates input current 
surge during start-up. The low 
current (<2uA) shutdown mode 
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Figure 5. LT3493 Efficiency vs Output Current Curve 
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Figure 6. LT3470 Efficiency and Power Loss vs Load Current 



provides output disconnect, enabling 
easy power management in battery- 
powered systems. 

The LT3493 operates with a 
switching frequency of 750kHz in a 
6-pin DFN package (2mm x 3mm) . Its 
internal loop compensation elimi- 
nates the need for external compen- 
sation components, reducing the PC 
board space to less than 50mm 2 . 
Figure 4 shows the actual size of the 
LT3493's solution footprint. This 
particular circuit generates 3.3V from 



a 12V input and delivers up 1.2A of 
output current. 

The LT3505 operates with a 
switching frequency that is user- 
programmable from 250kHz to 
3MHz. This enables designers to 
keep switching noise out of criti- 
cal noise sensitive circuits while 
using the smallest external 
components possible. It is pack- 
aged in a 3mm x 3mm DFN-8 
offering a very compact 36V input 
capable solution. 



40V Step-Down Converter 
Deliver up to 200mA from 
a ThinSOT 

The LT®3470 is a 40V step-down 
converter with the power switch, 
catch diode and boost diode inte- 
grated in a tiny ThinSOT™ package 
or 2mm x 3mm DFN. The boosted 
NPN power stage provides high 
voltage capability, high power 
density and high switching speed 
without the cost and space of exter- 
nal diodes. 




Figure 7. LT3470 Circuit for 40V Input to 5V at 200mA 
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The LT3470 accepts an input 
voltage from 4V to 40V and deliv- 
ers up to 200mA to load (Figure 7) . 
Micropower bias current and Burst 
Mode operation enable it to 
consume merely 26uA with no load 
and a 12V input. Hysteretic current 
mode control and single-cycle 
bursts result in very low output 
ripple and stable operation with 
small ceramic capacitors. The 
combination of small circuit size, 
low quiescent current and 40V input 
makes the LT3470 ideal for auto- 
motive and industrial applications. 

The LT3470 uses a hysteretic 
current control scheme in conjunction 
with Burst Mode operation to provide 



low output ripple and low quiescent 
current while using a tiny inductor 
and ceramic capacitors. The switch 
turns on until the current ramps up to 
the level of the top current compara- 
tor, then turns off and the inductor 
current ramps down through the 
catch diode until the bottom current 
comparator trips and the minimum 
off-time has been met. In continuous 
mode, the difference between the top 
and bottom current comparator levels 
is about 150mA. Since the switch 
only turns on when the catch diode 
current falls below threshold, switch- 
ing frequency decreases, keeping 
switch current under control during 
start-up or short circuit conditions. If 



the load is light, the IC alternates 
between micropower and switching 
states to keep the output in regula- 
tion. Hysteretic mode allows the IC 
to provide single switch-cycle bursts 
for the lowest possible light load 
output voltage ripple (<20mV PK . PK ) 
from 12V to 3.3V at zero load.) 
During continuous switching mode 
at higher current levels, the output 
voltage ripple is even smaller 
(<10mV PK . PK ). 

The LT3470's high level of inte- 
gration, wide input voltage range and 
very compact solution footprint make 
it ideal for step down applications 
which require up to 40V inputs and less 
than 200mA of load current. XT 
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Note: LT, LTC, XT and Burst Mode are registered 
trademarks and ThinSOT is a trademark of Linear 
Technology Corporation. All other trademarks are 
property of their respective owners. 
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Stacked-chip-scale- 
package-design guidelines 

DESIGN OPTIMIZATION HELPS TO AVOID MANUFACTURING 
PROBLEMS, TO MAXIMIZE PRODUCT PERFORMANCE, AND 
TO ACHIEVE LOWEST PACKAGING COST 



You can configure the die stack for S-CSPs 
(stacked-die chip-scale packages) in multiple 
ways. However, using design guidelines can help 
you use die stacking for laminate-based and wire- 
bonded S-CSPs with more than 200 I/O pins. 
These packages typically find use in handheld 
products. When stacking mixed-technology dice, such as ASICs 
and memory, the challenge is often how to deal with wire-bond 
density. Wire-bond design must maximize the space between 
adjacent wires and minimize wire sweep — that is, wire mis- 
alignment in the horizontal plane. Wire sweep is undesirable 
because it can affect the inductance of adjacent wires, create 
noise, or cause a short when wires touch. Wire-sweep problems 
can occur at various stages during the wire-bonding process. 

The two most common wire-bonding- and wire-loop-control 
methods in S-CSP assembly are conventional ball bonding and 
"reverse" SSB (standoff- stitch bonding). In conventional ball 
bonding, the first bond is to the die pad, and the second is to 
the substrate finger. In SSB, the first bond is to the substrate 
finger, and the second is to a stud on the die pad. SSB address- 
es die-to-die bonding and provides higher wire loops. Howev- 
er, SSB is by nature more prone to wire-sweep problems occur- 
ring at heat-sensitive zones, raising the risk of wire breakage. 
Also, the longer SSB wires are more prone to stitch misplace- 
ment and wire sagging. 

In general, longer wires increase the risk of wire sweep. For a 
given distance between a die pad and a sub- 
strate finger, SSB results in a longer wire than 
that for conventional ball bonding. You 
should avoid SSB in S-CSP design, instead 
using conventional wire bonding whenever 
possible. Conventional wire bonding is also 
advantageous because it has a throughput 
approximately 1.5 times higher than SSB, 
helping to lower manufacturing cost. Over- 
all, S-CSP design should minimize wire 
length by optimizing the substrate's bonding- 
finger location to minimize pad-to-finger dis- 
tances. 

With S-CSP, wire crossing can create the 
risk of yield loss from wire shorts, and you 
must take care to minimize wire crossing 
through the die and the substrate. Proper 
management of wire crossing at package 
design means that you will avoid wire cross- 
ing. However, when you cannot avoid wire 



crossing, place crossing wires within a design-safety zone. In a 
design-safety zone, you can, for example, maximize the spacing 
between crossing wires and maintain reasonably high wire loops. 
You can achieve these design goals by proper bond-finger place- 
ment. 

In Figure 1, some of the lower (green) wires cross under the 
upper (purple) wires at points close to second-bond termina- 
tion, at which the upper wires bond to the die pads. This situ- 
ation creates a risk of wire shorts from wire sweep. To optimize 
this design, designers relocated the bonding fingers for the lower 
wires closer to the die edge. Although wire crossing still exists, 
the modified design puts the crossing points close to the mid- 
dle span of the upper wire tier, thus increasing wire spacing 
where the wires cross. 

In many cases, staggered rows of bond fingers, rather than one 
row, help reduce wire crossing: Bond fingers on the substrate 
for the lower die reside on the inner row, and bond fingers for 
the upper die reside on the outer row. The loop height of both 
wire tiers must then achieve sufficient spacing between both tier 
wires. 

DIE LOCATION AND STACKUP 

The location of one die with respect to the other is critical 
in many respects. For example, a designer may be able to sig- 
nificantly shorten bond wires just by shifting die location or 
achieve more die-to-die bonding by moving one die respective 
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Figure 1 A substrate-design change minimizes wire crossing by placing touch-prone 
wire crossings close to the second bond termination (a) and moving them to the 
midspan of the upper wire (b). 
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Figure 2 You can avoid a shorted wire (a) by shifting relative die 
location (b). 



to another (Figure 2). During the bonding operation, the tra- 
jectory of the wire-bond capillary often swings backward — that 
is, opposite from the direction of the second bond — to create 
the desired loop in the wire. With S-CSP, die-to-die bonds often 
exist, as does a risk that capillary movement might interfere with 
previously bonded wires- You can avoid such interference 
through wire-loop and wire-bonding-sequence design. 

Several three-die stack-wiring options exist- The options in 
Figure 3a and b result in capillary interference- You can avoid 
this interference with the wire loops and bonding sequences 
(Figure 3c and d). In addition, wire-loop and -bonding sequence 
influences die-pad size, so you must consider these factors early 
in the die-design stage of IC development- Wireless-system 
applications typically dictate aggressive low-profile S-CSP spec- 
ifications- It is critical to perform a die-stackup analysis during 
package design to understand wire-bonding requirements. Low- 
loop wires ensure a sufficient wire-to-mold-top surface and good 
mold flow. Sufficient mold-compound thickness above the die 
avoids yield loss from incomplete fill, mold void, and excessive 
wire sweep during molding. 

The effect of wire length on electrical performance is criti- 
cal. Resistance increases from wire length are dramatically high- 
er than increases in substrate-trace lengths. In addition, using 



smaller diameter wire results in higher resistance. Stacked-die 
packages, especially those with pyramid die stacks — that is, 
smaller die on larger die — have longer wire runs that you must 
carefully consider. By optimizing bond-finger placement and 
adopting chamfered corners on bond fingers, you can reduce 
wire resistance by reducing wire length. In addition, die-to-pack- 
age orientation may help to alleviate wire-length issues, but you 
must carefully consider this orientation to avoid creating other 
problems. Designing for high performance requires considera- 
tion of critical nets as constraints; you should optimize the 
pinout, finger placement, and routing of the critical nets before 
those for noncritical nets. A co-design effort is critical for opti- 
mized package electrical performance. 

STACKING SEQUENCE 

Design issues to consider for die stacking include trade-offs 
between pyramid stacking and same-size-die stacking — that is, 
stacking equal-sized or larger die on another die when an inter- 
die spacer enables access to pads on the lower die. When a small 
ASIC die has strict performance requirements, you should locate 
it at the bottom of the stack, so that it can use shorter wires (Fig^ 
ure 4). A fundamental goal of stacked-die packaging is to lower 
cost to the end user by reducing board space and component 
count. For the end customer, the objective is to create more inte- 
grated packaging using methods, such as stacked-die packaging, 
that translate into lower cost and a smaller form factor for the 
product. However, stacked-die packaging is not inherently less 
costly. Advanced package suppliers face a number of issues sur- 
rounding die stacking, including die and assembly yields, addi- 
tional assembly costs, increased logistical costs, and increased 
material costs. You must carefully manage these items so that 
the end products both work correctly and provide adequate prof- 
it margins. 

Die and assembly yields are the most critical factors when esti- 
mating the cost feasibility of multidie packaging. However, other 
factors also can have a significant impact on the total-cost 
model. These factors, which tie closely to the concept of design 
for manufacturability, center on the substrate: the main com- 
ponent of the package. Rigid CSP substrates commonly find use 
in wireless- and handheld-system applications because of their 
versatility in routing and density capabilities. Over the last sev- 
eral years, significant improvements have emerged in laminate- 
substrate technologies to adapt to the developing needs of hand- 
held systems. Single-die laminates have focused on improving 
bond-finger pitch, and the silicon designers have targeted 
improving the bond-pad pitch. With greater I/O counts and 




Figure 3 In a three-die stack, wire-loop-sequence options include those with capillary movement (a and b) and those without capillary 
interference (c and d). 
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Intersil Battery Charger ICs 



High Performance Analog 



The Scariest Thing 
Inside Your Handheld 
Should Be Your Pictures 

There is a real monster out there. Protect your 
customers from the onslaught of counterfeit and 
non-OEM battery packs with Intersil's innovative 
Dual Fault Tolerant charging system. Our 
integrated triple-level protection approach reduces 
components and cost while improving design 
flexibility and system reliability. 

The ISL9200 is a Fault Protection IC optimized to provide redundant safety 
protection in Li-ion battery charging systems. Together with the ISL6292 
Battery Charger IC, Intersil's integrated battery charging system will keep 
even a counterfeit battery within safe operating limits. 



Intersil's Dual Fault Tolerant Architecture 



AC Adapter 



a input v 
| I 

— vw 



Integrated single-cell Li-ion or 
Li-polymer battery charger 
capable of operating with an 
input voltage as low as 2.4V. 




The ISL9200 monitors the 
input voltage, the battery 
voltage, and the charge 
current. When any of the 
three parameters exceeds its 
limit, the IC removes power 
from the charging system. 



Dual-Fault FMEA (Failure Mode and Effects Analysis) 



POTENTIAL FAILURES 
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Consequence of Dual Failure 


• 


• 






will fail but the protection module in the battery pack will protect the battery cell. 


• 




• 




Both and will protect the battery cell. 


• 






• 


will limit the battery voltage. has an additional level of protection. 




• 


• 




The protection module in the battery pack protects the cell. 




• 




• 


© will limit the battery voltage to 4.2V, within 1 % error. 






• 


• 


will sense an over voltage case and remove the power from the system. 



User programmable overcurrent 
protection threshold 

Input overvoltage protection in less 
than 1 lis 

Battery overvaltage protection 

High immunity of false triggering under 
transients 

High accuracy protection thresholds 

Warning output to indicate the 
occurrence of faults 

logic warning output to indicate fault 
and an enable input to allow system to 
remove input power. 

Small, thermal enhanced DFN 
package. 

Pb-free and RoHS compliant 



Datasheet and more information 
available at www.intersil.com. ^ 



Intersil - Switching Regulators for precise power delivery. 
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smaller package - substrate areas, all the 
main-substrate technological parameters 
have improved. These parameters include 
metal lines and spacing, via diameter and 
capture-pad sizes, substrate-core thick- 
nesses, multilayer advancements, metal- 
plating improvements, and solder-mask 
enhancements. 

When using rigid laminate substrates 
for die stacking, several factors drive the 
need for and use of advanced technolo- 
gy rules that can ultimately drive up final 
substrate cost. With a good understand- 
ing of these design considerations and 
cost trade-offs, you can ultimately mini- 
mize the total package cost and bring 
it close to that of a single-die ap- 
proach. Stacked-die-substrate designs 
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with unique individual dice generally 
require increased routing density on the 
top metal layer of the substrate. You can 
control this increased trace density 
through a carefully managed co-design 
effort for each die in a stack. For exam- 
ple, with co-design, you might use the 
signal layout on one of the two dice as a 
foundation for die layout. In the best-case 
scenario, you can die-to-die wire-bond all 
of the same signals between dice, thus 




(a) 

Figure 4 When the performance of the smaller die is important, the same-size stacking 
option (a) gives better performance than the pyramid-stacking option (b). 



eliminating the need to use the substrate 
to interconnect the two dice. Ultimate- 
ly, this approach enables the lowest cost 
substrate design and simplifies manufac- 
turability when other key design factors 
are in place. 

As it becomes more difficult to direct- 
ly bond stacked-die signals to each other, 
you may need additional bond fingers to 
relay a signal from one die to the other. 
Increased bond-finger density often 
implies increased substrate cost. In addi- 
tion, you may be able to use a smaller 
diameter wire. This approach will increase 
resistance per millimeter run of wire and 
tighten overall wire -length constraints. 
For designs in which having multiple rows 
of bond fingers is not feasible, designers 
must consider the effects of narrower fin- 
ger pitch on substrate cost, wire size, wire 
length, and wire electrical effects. 

DIE-STACKING SEQUENCE 

When stacking two die of approxi- 
mately the same size, you might use a 
spacer to avoid interference between the 
top die and wires on the bottom die. 
However, the die-stacking sequence in- 



Ultra-low cost Intel XScale ' 
solutions for OEM applications.. 

Combining the very best of low power v N 
ARM and Intel XScale RISC technology 
and the industry standard PC/£0$formaL. 
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• 266MHz Intel* IXP420 comms pi 

• x2 WObaseTx Ethernet ports 

• x2 serial ports 

• 64Mbytes DRAM/ 1 mbytes Flash 
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200MHz Intel PXA255 processor 
Ultra-low power 1.5W 
TFT/STN graphics controller 
64Mbytes DRAM 1 16Mbytes Flash 
Ethernet, USB client, x3 serial ports 
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Intersil Interface Products 




Here Comes 
The Magic Bus! 

A single bus interface component that can operate 
on two different standards makes everything groovy. 
When that IC features on-chip 15kV ESD protection, 
it's magic. That was the thinking behind Intersil's 
new family of ±15kV ESD protected, Dual 
Protocol (RS-232/485) Interface Transceivers. 

Remember when your bus would have multiple features and 
functions - transportation, dining room, music studio, bedroom? Well, 
our new family of Dual Protocol Interface Transceivers, available in 
dual and single port, has everything you need in a transceiver. 




SINGLE PORT 



2.2V min. Tx output voltage for 
exceptional noise immunity in 
RS-485/422 protocols and 1Mbps 
Rx data rate in RS-232 mode. 




DUAL PORT 



Additional ports on two-channel 
transceivers allow option for two 
RS-485/422 transceivers or four 
RS-232 transceivers. 




Full fail-safe function guarantees 
a high level receiver output if the 
receiver inputs are floating or shorted. 
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Exceptional RS-485/RS-422 
differential V OU t(2.7V-3.1V) for 
increased system noise immunity. 





Bus pins carry 15kV 


HBM protection. 
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RS-485 INTERFACE 



RS-232 INTERFACE 
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Control pins allow for programmable configuration 
to single RS-485/RS-422 or dual RS-232. 
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Datasheet, samples, evaluation boards and more 
information available at www.intersil.com 
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Intersil-Amplify your performance with advanced signal processing. 
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volves trade-offs. First, when you place 
the die with significantly more wires on 
the bottom of the stack and place its asso- 
ciated bonding fingers in the inner row, 
you can expect small bonding-finger 
pitch. On the other hand, when you 
place the die with significantly fewer 
wires on the bottom, you can expect 
greater bonding-finger pitch because the 
bond fingers for the die with denser wires 
are in the outer row, which allows plac- 
ing bond fingers at a more desirable larg- 
er pitch (Figure 5). 

Overall, S-CSP-design approaches 
maximize yield, performance, and relia- 
bility and minimize cost. These ap- 



proaches include choosing conventional 
wire bonding over SSB, optimizing sub- 
strate-bond-finger placement to minimize 
wire length and reduce the risk of wire 
sweep, and reducing the risk of wire shorts 
by moving wire-crossing points to the 
midspan of upper tier wires. These ap- 
proaches also include optimizing critical 
nets before routing other nets, avoiding 
capillary interferences with adjacent 
wires, placing higher performance die at 
the bottom of a stack, and placing die 
with fewer wires at the bottom to allow 
greater bond-finger pitch and lower sub- 
strate costs.BJN 













I DIE 2 | 


^1 DIE1 1 






1 DIE 2 L 




1 DIE 1 | 









(a) 



(b) 



Figure 5 Die 1 requires significantly fewer wires than Die 2. Placing Die 2 on the bottom 
(a) results in smaller bond-finger pitch, but placing Die 1 on the bottom results in a larg- 
er bond-finger pitch (b). 
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Obtain a lower dc voltage 

from a higher voltage power supply 

Luca Bruno, ITIS Hensemberger Monza, Lissone, Italy 



You can use the circuit in Figure 
1 to obtain a low regulated volt- 
age, such as 5 V dc, from a higher volt- 
age, rectified, sinusoidal voltage source 
without resorting to an electrically 
noisy dc/dc converter or wasting watts 
in a dropping resistor. This application 
requires a regulated 5V-dc source, but 
a transformer supplies 18V rms to a full- 
wave bridge rectifier. During the 
charging phase, two equal-value elec- 
trolytic capacitors, C 1 and C 2 , receive 
charging current when connected in 
series through forward-biased diodes D l 
and D r An enhancement P-channel 
MOSFET transistor, Q v an Interna- 
tional Rectifier (www.irf.com) IRF- 
9530, remains off because its gate 



receives a slightly positive reverse-gate- 
bias voltage due to zener diode D 4 's for- 
ward-voltage drop. Each capacitor 
charges to approximately one-half the 
peak value of the rectified voltage 
minus the forward-voltage drops that 
D x and D 2 present. The full- wave bridge 
rectifier, D 5 , or Graetz bridge, produces 
these drops (Reference 1). 

When the discharge phase begins, D x 
gets reverse-biased, and capacitor C 2 
discharges through the load that volt- 
age regulator IC X presents. Subse- 
quently, the anode voltage of diode D x 
continues to decrease, Q x 's gate-to- 
source voltage becomes negative, and 
the transistor conducts, allowing C 1 to 
discharge into the load through for- 
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ward-biased diode D y In effect, the two 
capacitors charge in series and dis- 
charge in parallel into the load, halv- 
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Figure 1 In this unconventional step-down circuit, capacitors C 1 and C 2 charge in series and discharge in parallel, reduc- 
ing the voltage applied to regulator IC r 
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ing the raw rectified voltage and ripple 1 
voltage at IC^s input- During C^s dis- 
charge, zener diode D 4 protects Q l by 
clamping its gate-to-source voltage 
within its maximum rating. 

To function properly, the circuit 
requires a minimum load current; the 



regulator's quiescent-current drain is 
usually enough. Otherwise, capacitor 
C 2 charges to the peak voltage available 
from D 5 . The values of C 1 and C 2 and 
the ratings of the remaining compo- 
nents depend on the maximum load 
current required. The values of resistors 



R x and R 2 are not critical. Note that Q 1 
functions as a switch; selecting a device 
with low on-resistance limits Q^s 
power dissipation. EDN 

REFERENCE 

d www. an s we rs.com/topi c/g raetz-ag . 



Line-powered driver lights up 
high-power LEDs 

Aaron Lager, Masterwork Electronics, Rohneri Park, CA 



Using LEDs has gained popu- 
larity as a method of saving 
power for general-purpose lighting, but 
an efficient method for driving them 
has also become a necessity. For exam- 
ple, Lumileds' (www.lumileds.com) 
Luxeon devices create lighting effects 
or room lighting. Providing power to a 
few LEDs may require only a current- 
limiting resistor, but illumination 
applications need a string of 20 or more 
LEDs to provide light over an area. 
Based on On Semiconductor's (www. 
onsemi.com) NCP1200A, a 100-kHz 



PWM current-mode controller for uni- 
versal offline power supplies, the circuit 
in Figure 1 provides a low-cost, offline 
constant-current source for powering 
multiple LEDs. Although designers typ- 
ically configure it to provide a voltage 
source, in this application, the 
NCP1200A provides a constant-cur- 
rent source. Figures 2 and 3 show 
close-ups of the circuit. 

A full- wave bridge rectifier, D 2 to D 5 , 
and filter capacitor C l provide approx- 
imately 160V dc to the conversion cir- 
cuit, IC p and its associated compo- 



nents. Resistor R 3 alters the bias for 
IC^s current-sense pin and, at 6.2 kfl, 
allows the use of a 1.211 sense resistor 
for R 6 . Decreasing R 6 not only reduces 
costs over a higher wattage sense resis- 
tor, but also improves the circuit's effi- 
ciency. Capacitor C 3 stabilizes the feed- 
back network's current and carries a 
400V rating in case of an open circuit 
in the LED string. An RC network 
comprising R 5 and C 4 provides a small 
amount of lowpass filtering to the CS 
pin. 

Bleeder resistors R x and R 2 eliminate 
any shock hazard across the ac-line 
plug's prongs when you disconnect 
it. Although you can use a 1-MO 
through-hole-mounted resistor, two 
surface-mounted 500-kH series resistors 
cost less and provide the required track- 
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Figure 1 An offline constant-current source drives a string of high-output LEDs. 
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totrack pc-board spacing for line- volt- 
age applications- Use a capacitor rated 
for line -bypass service for capacitor C r 
You can use any power MOSFET with 
a suitable breakdown voltage and a low 
on-resistance, such as an MTD1N60E 
or IRF820, for Q r Inductor L v a 500- 
|jlH device, should be able to operate 
at 100 kHz and handle more than 350 
mA of continuous current. You can use 
an inductor from Coilcraft's (www. 
coilcraft.com) RFB1010 or DR0810 
series of surface-mount inductors, or 
you can experiment with inductors 
manually wound on suitable core mate- 
rials. As an option, adding optoisolator 
IC 2 allows microcomputer-controlled 
illumination dimming using pulse- 
width modulation of IC^s feedback ter- 
minal, Pin 2. 

To understand the economic moti- 
vation for using LEDs as illuminators, 
compare the light output of a string of 
20 1W, white Luxeon emitters with a 
standard incandescent light bulb. Each 
LED provides 45 lumens, or 900 lumens 
for a string of 20 LEDs. The average 



forward voltage per LED is 3.42V for a 
power dissipation of 1.197W each at a 
forward current of 350 mA. Thus, the 
20-LED string dissipates 23.94W. Fac- 
toring in a conservative 80% efficien- 
cy for the power supply, the power the 
system consumes becomes 28.73W for 
a light-emission-efficiency value of 900 
lumens/29W or 31 lumens/W. The 
Luxeon emitters also carry a rating for 
100,000 hours, or approximately 11 
years, of operation. 



gcc err© 



I | 



Figure 2 A close-up view of the cir- 
cuit of Figure 1 shows inductor L 1 
in the upper right corner. 



In contrast, a standard 60W Philips 
incandescent light bulb produces 860 
lumens for 1000 hours, or just over a 
month, at an efficiency of only 14 
lumens/W. From a power-consumption 
viewpoint, the LED-based design is 
twice as efficient as the incandescent- 
bulb-based design and thus reduces 
power consumption and cost. In addi- 
tion, the LED design imposes no addi- 
tional maintenance costs for replace- 
ment bulbs and labor. EDN 




Figure 3 This version of the circuit 
comprises three constant-current 
driver channels. An LED light-bar 
assembly is above the pc board. 



Rectifier tracks 

positive and negative peaks 

Harry Bissell Jr, Welding Technology Corp, Farmington Hills, Ml 



Signals ranging from music to 
complex control-system wave- 
forms may contain unequal positive 
and negative peak amplitudes. An 
"envelope-follower" circuit can track 
unequal peaks, but the ability to select 
a desired peak can enhance the circuit's 
performance (Reference 1). The cir- 
cuit in Figure 1 applies a new twist to 
a classic absolute-value circuit. Apply- 
ing an input signal to R x (full) produces 
an output equal to the input's absolute 
value. Applying an input signal to R 6 
(positive) or R ? (negative) produces 
outputs of positive or negative half- 
cycles, respectively. Figure 2 illustrates 
all three modes of operation. 

Understanding the circuit is simple if 
you consider that op amp IC 1A strives 



to maintain its inverting input at vir- 
tual ground. For example, applying 
— IV to the negative input, R ? , drives 
the anode of D 1 to —333 mV. IC 1A 's 
output, Pin 1 , drives D 2 's cathode pos- 
itive enough to force D 2 's anode volt- 
age to 333 mV. Because IC 1A 's inputs 
now rest at 0V, D 1 is effectively reverse- 
biased and out of the circuit. The 333 
mV available at D 2 's cathode also 
applies to IC 1B 's noninverting input, 
Pin 5, and IC 1B must balance its input 
voltages by driving its output, Pin 7, to 
IV. IC 1B 's inverting input, Pin 6, goes 
to 333 mV. The voltage drop across R 4 
thus equals 666 mV. One-third of the 
input current flows through the series 
connection of R 2 and R 3 , and two- 
thirds flows in R 4 . To achieve unity 



gain, R ? 's value equals that of R 2 +R 3 in 
parallel with R 4 . 

Applying a positive input to R ? caus- 
es IC 1A 's output to go negative by a 
voltage equal to one forward-diode 
drop and thus holds D^s anode at 
ground. D 2 is reverse-biased, and both 
of IC 1B 's inputs rest at OV The circuit's 
output is thus 0V. Applying an input 
voltage at R 6 yields similar operation. 
A positive input causes an equal- value 
positive output, and a negative input 
produces a 0V output. You can ignore 
the effects of IC 1B 's high input imped- 
ance, which are negligible. To maintain 
unity gain, the value of R 6 is twice that 
ofR 3 . 

Resistors R p R 2 , R 3 , R 4 , and R 5 are of 
equal value and close tolerance. Note 
that IC^s power- supply connections 
require bypass capacitors (not shown). 
To minimize errors, use a low-imped- 
ance source or buffer amplifier to drive 
the circuit. You can use a three-posi- 
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Figure 1 Use this versatile precision rectifier circuit to recover a signal's positive peaks, negative peaks, or both in full- 
wave mode. 



tion rotary switch for input-mode selec- 
tion, or an on/on/on toggle switch, such 
as C&K Components' 7211, available 
from Digi-Key Corp (www.digikey. 
com) and other sources, or a similar 
switch, wired as a three-way selector. 
(See the manufacturer's data sheet for 
a connection diagram.) You can also 
use separate connectors for the inputs, 
but connect no more than one input at 
a time.EDN 

REFERENCE 

El Bissell, Harry, "Envelope follower 
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ED/V, Dec 26, 2002, pg 59, 
www.edn.com/article/CA265499. 
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Figure 2 This waveform plot shows the circuit's outputs for a sine-wave input 
connected to the negative, full, and positive inputs, respectively. Traces are 
vertically offset for clarity. 



Isolated indicator signals 
telephone line's status 

Yongping Xia, Navcom Technology, Torrance, CA 



Part 68 of the FCC's (Federal 
Communications Commission, 
www.fcc.gov) telecommunications reg- 
ulations requires that certain signaling 
equipment connecting directly to the 
public- telephone network must present 
a line-to-line resistance of at least 5 
MO. In addition, status signals that 
equipment derives from the phone lines 
must include electrical isolation to pre- 



vent interaction between earth 
grounds from the telephone network 
and attached control or communica- 
tions equipment- Although a trans- 
former can provide isolation for voice- 
frequency signals, the telephone-line- 
status- indicator circuit in Figure 1 
meets FCC isolation requirements 
without incorporating a transformer 
(Reference 1). A diode bridge, D x 



through D 4 , and R p a 5.6-Mfl resistor, 
supply a small amount of dc power from 
the phone line to a nanopowered com- 
bination comparator and a 1.2V volt- 
age reference, IC r The Maxim ( www- 
maxim- icxom) MAX917 IC draws 
only 0.75 uA at 1-8V CC . 

Resistors R 2 and R 3 form the detec- 
tion-voltage divider, and R 4 provides 
hysteresis. When IC^s output goes low, 
R 4 and R 3 form a parallel combination 
of 3.26-MO resistance. To reach the 
comparator's reference voltage of 
1.245V, the voltage across C l must 
reach at least 5.06V. Once IC^s output 
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goes high, R 4 and R 2 form a parallel 
resistance of 6-67 Mil, and the voltage 
across C x must reach 3.37V to deliver 
a 1.245V input to the comparator. IC^s 
output drives a photocoupler, IC 2 , a 
Toshiba (www.semicon.toshiba.co.jp) 
TLP190B. Unlike other photocouplers, 
IC 2 includes an array of photodiodes 
that, when illuminated, delivers a volt- 
age output. Although weak by power- 
conversion standards, the photocou- 
pier's output can deliver several micro- 
amperes at an open-circuit voltage that 
exceeds 7 V, or enough to drive a MOS- 



FET's gate or a microprocessor's input 
pin. In addition, the TLP190B carries 
a 25 00 V-rms emitter-to-detector isola- 
tion-voltage rating. 

When a telephone is not in use, the 
on-hook voltage across its line of 
approximately —48V produces a cur- 
rent of 7 to 8 uA through R p which 
imposes a low-leakage requirement on 
C r The prototype version of the circuit 
uses an X5R-characteristic ceramic 
capacitor. When the voltage across C l 
exceeds 5.06V, IC^s output goes high 
and drives IC 2 through R 5 , discharging 



C r When the voltage across C 1 
decreases to 3.37V, IC^s output goes 
low, and C 1 recharges. The output from 
IC 2 comprises a 1 .4-msec-wide voltage 
pulse with a repetition period of 
approximately 240 msec. When the 
phone is off the hook, the voltage 
across its lines drops to a few volts, 
which don't sustain pulse genera- 
tion.EDN 



REFERENCE 

m www.fcc.gov/wcb/iatd/part 
68.html. 




Figure 1 Drawing minuscule amounts of power from a telephone line, this isolated-output circuit indicates whether the 
line is in use. 



Circuit converts DAC's outputs 
from single-ended to differential mode 

Liam Riordan, Analog Devices, Limerick, Ireland 



High-speed DACs, such as 
Analog Devices' AD9776/ 
78/79 TxDAC family, offer differential 
outputs, but, for low-end ac applica- 
tions or high-precision level-setting 
applications, a single-ended current- 
output DAC with a differential-con- 
version circuit provides a novel ap- 
proach to generating differential- 
waveform-control functions. The basic 
circuit in Figure 1 combines a current- 
output DAC, IC p such as the 8-bit 



AD5424 DAC, with a single-ended-to- 
differential op-amp stage — IC 2 , IC 3A , 
and IC 3B — to generate the desired out- 
puts. For dual-power-supply applica- 
tions, you select the DAC's unipolar 
mode of operation to achieve optimum 
performance from the DAC. Using a 
single op amp, the DAC provides two- 
quadrant multiplication or a unipolar 
output- voltage swing. The DAC's out- 
put requires a buffer because changing 
the code applied to the DAC's input 



varies its output impedance. 

This equation defines the circuit's 
output voltage: V QUT = - V REF X 
(D/2 N ), where N defines the number of 
input bits, V^p is the reference voltage, 
and D is the decimal equivalent of the 
binary code. To generate a positive 
common-mode voltage, you use a neg- 
ative voltage for the DAC's reference 
voltage. The DAC's internal design 
accommodates ac reference input sig- 
nals of — 10 to + 10V. In this mode, the 
DAC provides a 5M-sample/sec maxi- 
mum update rate for one-quarter full- 
scale code changes when you operate it 
from a 5V power supply. Use resistors 
R x and R 2 only if your application 
requires adjustable gain. 
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NEXT-GENERATION MULTIPORT, 
T1/E1/J1 , SINGLE-CHIP TRANSCEIVERS 

Software-Compatible Family of LIU + Framer Combinations Switch Among 
T1, E1, and J1 Standards Without External Component Changes 

The TEX series of transceivers are software-compatible, multiport, single-chip T1/E1/J1 devices that provide compact solutions for high-port-count 
applications. With 8-, 4-, 2- and 1 -port versions, the TEX family contains all the functions necessary to connect to T1 , E1 , or J1 lines without relays 
or switched external components. The TEX transceivers have a common feature set and use a common architecture and register map, all of which 
allow easy migration among port densities and the reuse of existing software. 
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STANDARDS 
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COMPONENT CHANGES 
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16.384MHz 
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JITTER ATTENUATOR 



BACKPLANE 
(TDM) 



■/ 



IMPROVED LIU 
AND FRAMER DESIGN 

Expands and Improves Upon the 
Performance of the Industry-Standard DS2155 

j/j 30% Lower LIU Power Dissipation / 
Per Port j 

\7\ Handles 10x Larger Load Capacitance 



/] Transmit Disables for Fast Protection 
Switching 

/] User-Programmable Waveforms** 

/] Transmit Synchronizer for Multiport 
Applications 



♦ Independent Software-Selectable Port Configurations 

♦ LH/SH LIU with -43dB Sensitivity 

♦ Internal Software-Selectable Line Termination 

♦ Flexible Signaling Extraction and Insertion 

♦ Two-Frame Elastic Store Buffers for Each Transmitter 
and Receiver 

♦ Full-Featured BERT for Each Transceiver 

Tuture product— contact factory for availability. 

**Please contact the factory for detailed information on user-programmable waveforms. 
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DS26521L 
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64-LQFP 
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DS26522G* 


2 


-40 to +85 


144-CSBGA 
(13x13) 


DS26524G 


4 


-40 to +85 


256-CSBGA 
(17x17) 


DS26528G 


8 


-40 to +85 


256-CSBGA 
(17x17) 
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The single-ended-to-differential 
stage comprises two cross-coupled op 
amps, which resistors R 5 and R 6 con- 
figure as a unity-gain follower. To yield 
a symmetric circuit, the outputs also 
drive each other as unity-gain invert- 
ers through R ? and R g . The voltage you 
apply to the positive terminal of op amp 
IC 2 sets the circuit's common-mode 
voltage- Resistors R 3 and R 4 control the 
amplitude of the differential voltage- 
Review your application's output-load 



requirements and the op amps' input- 
and output-voltage capabilities. 

For single-supply applications, you 
can use a current-output DAC in 
reverse mode, in which you apply the 
reference voltage, V IN , to the DAC's 
I QUT1 pin and take the output voltage 
from the DAC's V REF terminal (Figure 
2). In this configuration, a positive ref- 
erence voltage produces a positive out- 
put voltage. This circuit does not use 
the DAC's feedback resistor, R FB , and 



its connection to I OUT1 prevents stray 
capacitance effects. The DAC's refer- 
ence input "sees" an impedance that 
varies with the applied code and thus 
requires a low- impedance source. 

Note that the switches in the DAC 
ladder no longer have the same source- 
to-drain drive voltage, which in turn 
limits the input voltage to low voltages. 
As a result, the switches' on-resistanc- 
es differ and degrade the DAC's lin- 
earity. Also, this mode limits the max- 



v DD 

5V 



V IC 1 
REF AD5424 I, 

DB0TODB7 GND 

8-BIT 
DIGITAL 
INPUTS 




Figure 1 This basic circuit combines a current-output DAC, IC^ with a single-ended-to-differential op-amp stage-IC 2 , 
IC 3A , and IC 3B -to generate the desired outputs. 




-J^ REFERENCE 



Figure 2 In this configuration, a positive reference voltage produces a positive output voltage. 
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Tiny Monolithic Step-Down Regulators Operate with 

Wide Input Range - Design Note 390 
Kevin Huang 



introduction 

Automotive batteries, industrial power supplies, distrib- 
uted supplies and wall transformers are all sources of 
wide-ranging high voltage inputs. The easiest way to step 
down these sources is with a high voltage monolithic 
step-down regulator that can directly accept a wide input 
range and produce a well-regulated output. The LT®3493 
accepts inputs from 3.6V to 36V and LT3481 accepts 
inputs from 3.6V to 34V Both provide excellent line 
and load regulation and dynamic response. The LT3481 
offersahigh efficiency solution overawide load range and 
keeps the output ripple low during Burst Mode® operation 
while the LT3493 provides a tiny solution with minimal 
external components. The LT3493 operates at 750kHz 
and the LT3481 has adjustable frequency from 300kHz 
to 2.8MHz. High frequency operation enables the use of 
small, low cost inductors and ceramic capacitors. 

Low Ripple and High Efficiency Solution over Wide 
Load Range 

The LT3481 is available in a 10-pin MSOP or a 3mm x 
3mm DFN package with an integrated 3.8A power switch 
and external compensation for design flexibility. The 
switching frequency can be programmed from 300kHz 
to 2.8MHz by using a resistor tied from the RT pin to 
ground. Figure 1 shows the LT3481 producing 3.3V at2A 
from an input of 4.5V to 34V. Figure 2 shows the circuit 
efficiency at 12V input. 



Vim 

4.5V TO - 
34V 



4.7nF . 



V| N BD 
RUN/SS BOOST 




VoUT 
■3.3V 
2A 



xr r t 

— L_ DM530 TA01 



22nF 



Figure 1. 800kHz LT3481 DC/DC Converter 
Delivers 2A at 3.3V Output 



The LT3481 offers low ripple Burst Mode operation that 
maintains high efficiency at light load while keeping the 
output voltage ripple below 15mVp.p. During Burst Mode 
operation, the LT3481 delivers single cycle bursts of cur- 
rents the output capacitorfollowed by sleep periods when 
the output power is delivered to the load by the output 
capacitor. Between bursts, all circuitry associated with 
controlling the output switch is shut down reducing the 
inputsupplycurrentto50|jA. Figure 3shows the inductor 
current and outputvoltage ripple undersingle pulse Burst 
Mode operation from 1 2V input to 3.3V output. As the load 
current decreases to a no load condition, the percentage 
of time that the LT3481 operates in sleep mode increases 
and the average input current is greatly reduced resulting 
in high efficiency. The LT3481 has a very low shutdown 
current (less than 1pA) which significantly extends bat- 
tery life in applications that spend long periods of time 
in sleep or shutdown mode. 

The high side bootstrapping boost diode is integrated 
into the IC to minimize solution size and cost. When the 
output voltage is at least 2.8V, the anode of the boost 
diode can be connected to output. For output voltages 
lower than 2.5V, the boost diode can be tied to the input. 
For systems that rely on a well-regulated power source, 
the LT3481 provides a power good flag that signals when 
Vqut reaches 90% of the programmed outputvoltage. A 

U, LT, LTC, LTM and Burst Mode are registered trademarks of Linear Technology 
Corporation. Ail other trademarks are the property of their respective owners. 
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Figure 2. Efficiency vs Load Current for Figure 1 Circuit 
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Figure 3. LT3481 Burst Mode Operation 
at 10mA Load Current 

resistor and capacitor on the RUN/SS pin programs the 
LT3481's soft-start, reducing maximum inrush current 
during start-up. Figure 4 shows the circuit and start-up 
waveform. 
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Figure 4. Soft-Start of the LT3481 
Small Solution Size 

The LT3493 includes an internal 1.75A power switch in 
a tiny 6-pin DFN package (2mm x 3mm). The current 
mode control circuit with its internal loop compensation 
eliminates external compensation components, minimiz- 
ing component count and reducing the PC board space 
to less than 50mm 2 . The LT3493's reference voltage is 
0.78V, making it suitable for applications with low output 
voltage. Figure 5 shows an application of the LT3493 
switching at 750kHz. This circuit generates 3.3V from an 
input of 4.2V to 36V. In applications where the circuit is 
plugged into a live input source through long leads, a high 




Figure 5. LT3493 Wide Input Range 
DC/DC Converter Application to 3.3V 

ESR electrolytic capacitor at the input is recommended 
to d amp th e overshoot voltage. Refer to AN88 f or details. 
The SHDN pin can be driven through an external RC filter 
to soft-start the LT3493, 

Additional Features of LT3481 and LT3493 

During short circuit, both parts offer cycle-by-cycle cur- 
rent limit and frequency foldback which decreases the 
switching frequency when the output is low. The low fre- 
quency allows the inductor current to safely discharge. 

Conclusion 

The wide input ranges, small size and robust design of 
the LT3493 and LT3481 make them an excellent choice 
for a wide variety of step-down applications. Their high 
input voltage, high power switch capability and excellent 
package thermal conductivity add to their versatility. 



... 



Figure 6. LT3493 Demo Board 
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imum update rate to 1.5M sam- 
ples/sec. You can use sections of 
a dual op amp to buffer the 
DAC's input and to amplify the 
DAC's output voltage (Figure 
3)- The circuit's intended 
application determines your 
choice of supporting amplifiers. 
For lower speed, precision ap- 
plications, the op amp requires 
low input-bias currents and low 
input-offset voltage to avoid 
degradation of the DAC's 
DNL (differential-nonlineari- 
ty) performance- For example, 
the AD8628 offers 100-pA 
maximum bias current at room 
temperature and 5-u>V maxi- 
mum input-offset voltage- The 
op amp's low-frequency noise is 
important in precision level-setting 
applications, and the AD8628 specifies 
0.1- to 10-Hz noise of less than 0.5 |jlV 
p-p. Its rail-to-rail inputs and outputs 
make it ideal for use in single-supply 
circuits- 



■ mm mm mm mm mm mm, 'mm 



:m soomv 



50 0mV M 100JJS A Chi J" 380mV 



Figure 3 The single-ended-to-differential conversion 
of a digitized, eight-point sine wave produces differ- 
ential outputs. 



For high-speed-system applications, 
the op amp's slew rate must not domi- 
nate the DAC's slew rate. The op amp's 
bandwidth must be large enough to 
drive the feedback load and must not 
limit the circuit's overall bandwidth, 
and the DAC's output- voltage settling 



time should determine the cir- 
cuit's maximum update rate. 
The AD8042 in figures 1 and 
2 offers 170-MHz bandwidth 
and a 225V/u>sec slew rate, 
allowing it to easily achieve 
these results. Other high-speed 
op amps, such as the AD8022, 
AD8023, and AD8066, also 
work well in this application. 

The DAC consumes only 0.4 
fjiA of power-supply current, 
and the op amps thus dominate 
the circuit's power consump- 
tion. To minimize the area for 
the circuit on a pc board, you 
can replace all four op amps in 
Figure 2 with a single AD8044 
quad op amp. The single- 
ended-to-differential conversion of a 
digitized, eight-point sine wave in the 
presence of a 1.4V common-mode 
voltage and a 0.6V differential signal 
produces differential outputs (Figure 
3) EDN 
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ACROSS 

3 Years since National 
Instruments was founded 

4 Process of determining and 
adjusting an instrument's 
accuracy 

5 Converts a complex digital 
data to an IF or RF signal 

6 PC-Based Oscilloscope 
8 RF 

12 PCI Extensions for 
Instrumentation 

13 Clock used for mixing in RF 
circuits 

15 Revolutionary graphical devel- 
opment software for test, con- 
trol, and design applications 

19 Technique used to output vary 
sine wave from low to high 
frequency 

21 National Instruments test 
management software 

22 Technique to reduce or elimi- 
nate conductive paths between 
two electrical systems 

23 Adding noise to reduce 
quanization error 

24 Deviation from an ideal timing 
event often seen in clocks 
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System with both analog 
and digital waveforms 
Sine, square, triangle, and 
sawtooth are examples 
External stimulus that initi- 
ates instrument functions 
Technique used to ensure 
instrument clocking occurs 
at the same time 
Unwanted signals 
The smallest amount of input 
signal change that an instru- 
ment or sensor can detect. 
Next generation, high- 
bandwidth, high speed PC 
bus based on PCI 
Frequency at which the ADC 
converts analog to digital data 
-3dB below the passband 
frequency 
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Annual conference of virtual 
instrumentation held in 
Austin, TX 

Low Voltage Differential 
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Applications include: marine, 
medical and office equipment, 
appliances and tools. 



No two circuit breaker 
applications are alike 

Only E-T-A offers 
more technologies 

Many circuit protection applications appear the same but every application 
is different requiring a specific circuit protection solution. Only E-T-A 
provides the most complete range of available circuit protection technologies. 

More technologies allow for superior, more precise circuit protection. It is 
critical that your design is protected with the correct circuit protection. 
Your reputation depends on it. 

One call to E-T-A will ensure your design has the right circuit protection 
technology to enhance your products safety, reliability and brand 
reputation. 

Go to www.e-t-a.com/ipod5 for your chance to win one of 
10 video iPods® 
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Short-range position sensor 

provides large measurement bandwidth 

Measuring 0.5 -in. in diameter and 2.2 in. in length, the NanoGage Model 
100 short-range position sensor has an aluminum structural body. Features 
include a 100-micron linear- measurement range, a ±400-micron signal-capture 
range, and a 15-nm-rms measurement bandwidth at 100 kHz. The device suits a range 
of applications, including automated focusing at a specific surface height; run-out 
measurements, maintaining a closed-loop position; or vibration measurements. The 
NanoGage costs $2995. 
Optra Inc, www.optra.com 



Dual-axis servo amplifier 
can drive two independ- 
ent motors 

□ The Model 800-1514 dual-axis 
servo amplifier for current and 
torque control of brushless servo motors 
accepts encoder- and Hall-feedback data 
from a range of servo-motor types, in- 
cluding Yaskawa Sigma-Mini and Pana- 
sonic Minas-A motors. Controlling drive 
torque with a ±10V command from a 
motion controller or programmable-logic 
controller, the device features a standard 
buffered encoder output and optically iso- 
lated control signals. Using CME 2 




Windows software, the device communi- 
cates with the setup computer by an RS- 
232 link. Peripherals include operation at 
20 to 55V with an isolated dc supply; two 
independently controlled, 4A-peak, 3A- 
continuous outputs aiming at driving 
high-performance, three-phase motors; 
and a 5V-dc-output amplifier. Targeting 
multiaxis equipment for semiconductor 



fabrication, test and measurement, and 
automated assembly, the Model 800-15 14 
costs $690. 

Copley Controls, www.copleycontrols. 
com 



Vision appliance supports 
one or two cameras 

Adding on to the vendor's line of 
machine-vision appliances, the 
VA20 supports one or two cameras with 
the choice of sensor resolutions. Available 
in two versions, the VA20 includes the 
vendor's iNspect software, and the VA21 
version also includes the Sherlock 
machine- vision software. The device has 




the "smarts" inside the camera controller 
instead of on the camera head, allowing 
positioning alongside other automation 
controllers for easier interfacing. This fea- 
ture also allows for easy mounting. Sup- 
porting 640X480 and 1024x768 sensor 
resolutions, a 1600X1200 higher resolu- 
tion is also possible. The VA20 comes in 
a compact DIN -moun table enclosure and 
costs $3495. 

DALSA Coreco Group, www.goipd.com 



Sensorless-control plat- 
form targets energy- 
saving motors 

Aiming at direct-drive, PMSM 
(permanent-magnet-synchronous- 
motor) washing machines, the IRMCS- 
3041 sensorless-control platform features 
an embedded FOC (field-oriented-con- 
trol) algorithm for high-dynamic torque 
control, saving as much as 70% of energy 
usage. This addition to the iMotion fam- 



102 EDN | JUNE 8, 2006 



ily also includes the IRMCF341 mixed- 
signal controller, companion intelligent 
power modules, development software, 
and design tools. The IRMCF341 wash- 
er-control IC integrates control- and 
analog- interface functions for sensorless- 
speed control of the PMSM or using do 
link-current measurements- Analog 
functions of the IC include a differential 
amplifier, dual sample- and-hold circuits, 
and a 12-bit ADC for sampling low- volt- 



age signals over the dc-link shunt- 
Integrating a 60-MIPS, 8-bit 8051 
microcontroller allows the application- 
layer software development to operate 
almost independently of the MCE 
(motion-control engine) without com- 
peting for system resources, such as inter- 
rupts or internal registers- The 
IRMCS3041 iMotion washer-platform 
reference design costs $995. 
International Rectifier, www.irf.com 
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Debugger supports 
ARM9 coprocessor 

Featuring an unlimited number of 
breakpoints, the HiTop Version 
5.20 debugger fully supports ARM9 
coprocessors- The Exception Capture 
and Solution Assistant allows the 
localization of sources of exceptions. 
Free evaluation versions of HiTop 
Version 5.20 are available for down- 
loading from the vendor's Web site. 
Hitex Development Tools, www.hitex. 
com 



Graphics-tool suite 
provides visualization 

Enabling system visualization, 
the AxisView integrated graph- 
ics-tools suite comprises the Hardware- 
View, Application View, EventView, 
Process View, and Debug View tools. 
Hardware View builds a graphical rep- 
resentation of the multiprocessor sub- 
system and displays information about 
the system configuration. Application- 
View provides a graphical representa- 
tion of the application, autogenerating 
AxisFlow configuration code and de- 
veloping a template for the initializa- 
tion of the application. The Event- 
View true-multiprocessor-event ana- 
lyzer allows event traces and ensures 
accurate time alignment. ProcessView 



supplies dynamic information on the 
CPU and memory usage at the appli- 
cation-task level and provides infor- 
mation on the system data flow. The 
Debug View multiprocessor-debugging 
tool features coordinated and grouped 
breakpoints. The suite also features the 
AxisFlow interprocessor-communica- 
tions element, which supplies recon- 
figurable interconnections, and the 
AxisLib high-performance digital-sig- 
nal-processing libraries, which support 
algorithms for the PowerPC AltiVec 
architecture. 

Radstone Embedded Computing, 
www.radstone.com 



Platform allows evalua- 
tion of FRAM devices 

Supporting the VRS51L2070, 
the VersaKit-20xx evaluation 
platform comprises a set of probe vias 
and header footprints, an RS-232 
transceiver, two DB9 connectors for 
UART access, and eight user LEDs. 
The device also includes two switches 
for manual reset/interrupt triggering, 
prototyping space, and JTAG access 
for in-circuit programming and real- 
time debugging of the VRS51L2070. 
An FM3 1256 processor companion, an 
FM25CL64 serial SPI FRAM (ferro- 
electric RAM), and an FM24CL64 
serial PC FRAM on the board allow 




No two circuit breaker 
applications are alike 

Only E-T-A offers 
more technologies 

ESS20-1 

Prevent an overload 
on one circuit from 
shutting down the 
entire production 
line. Designed 
for switch-mode 
power supplies. 
www.e-t-a.com/ess20edn 

E-1048-800 

Remote power 
controller utilizes 
"SMART" circuit 
protection tech- 
nology. Circuit 
breaker, relay, 
analog output, 
and diagnostics 
in a single unit 
www.e-t-a.com/eio48edn 
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SW112 

Miniature Flow 
Monitor operates on 
the calorimetric principle 
and is designed to operate 
with air or inert gases. 
www.e-t-a.com/sw112edn 




Circuit Protection & Control 

WWW.E-T-A.COM 
1-800-462-9979 





•Over 2500 Std. 
DC-DC Converters 
•Surface Mount 
•From 2V to 
10,000 VDC Output 
•1-300 Watt Modules 
•Isolated/Regulated/ 
Programmable Models 
Available 
•Military Upgrades Available 
•Custom Models, 
Consult Factory 



See 
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For 

Engineering 
Assistance 
Call Factory 
or send direct 
for FREE PICO Catalog 
Call toll free 800-431-1064 
in NY call 914-738-1400 
| a Fax 914-738-8225 

r Ivv Electronics,lnc. 

143 Sparks Ave. Pelham, N.Y. 10803-18889 
INDUSTRIAL • COTS • MILITARY 
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evaluation of the vendor's FRAM de- 
vices. The VersaKit-20 costs $99, in- 
eluding a development board, the 
Versa- J TAG programming/debugging 
interface, a DB25 parallel cable, and a 
power supply. 

Ramtron International, www. 
ramtron.com 



Packet-processor family 
supports tunneling 

Supporting tunneling capabilities, 
the Prestera 98DX2x5 packet- 
processor family provides multilayer and 
10-Gbit Ethernet. Using MPLS-based 
VP WS ( virtual-private- wire-service ) 
and VRF (virtual-routing-and-forward- 
ing) functions allows the device to deliv- 
er application-aware secure service 
through Layer 2 and Layer 3 VPNs (vir- 
tual private networks). Features include 
24-Gbit ports, four 10-Gbit XG ports, an 
on-chip buffer memory, and an inte- 
grated TCAM (ternary content-ad- 
dressable memory). Additional features 
include line-rate L2 bridging, L3 versions 
4 and 6 routing, comprehensive Internet 
Protocol-multicast support, advanced 
L2- and L4-traffic classification, filtering, 
and prioritization. 
Marvel I, www.marvell.com 



DSP family adds 
core with fewer gates 

Having fewer gates than the ven- 
dor's other family members, the 
new Ceva-X1622 DSP core provides 
backward code compatibility with the 
Ceva-X1620 DSP. This fully synthesiz- 
able DSP features an enhanced memo- 
ry architecture, including a 64- or 128- 
kbyte configurable memory and con- 
figurable two- or four-block memory- 
bank organizations. Features include a 
16-bit, fixed-point dual-MAC (multi- 
ply-accumulate) VLIW (very-long-in- 
struction-word) architecture combined 
with SIMD (single-instruction-multi- 



ple-data) -multimedia operation, built- 
in multimedia instructions, eight in- 
structions executed in parallel, 16- or 
32-bit variable instruction widths, and 
4 Gbytes of byte-addressable-memory 
space. 

Ceva Inc, www.ceva-dsp.com 



Starter kit comes 
with STR912F 
microcontroller 

Targeting STMicroelectronics' 
STR912F controller, the ven- 
dor's starter kit contains an evaluation 
board with the controller and a USB- 
based Tantino for ARM 7 to ARM9 
JTAG debugging. Additional features 
include a quick-start guide, a 96 MHz 
internal clock, and a CD with the Hi- 
Top development environment. The 
environment includes examples, a 
GNU complier, a HiSIM ARM in- 
struction-set simulator, and the Tessy 
software-test tool. The evaluation soft- 
ware comes in a 16-kbyte limited code 
size, but users can upgrade it to an un- 
limited version. 

Hitex Development Tools, www. 
hitex.com 



Processor family 
adds devices with 
flash memory 

Adding to the Blackfin family, 
the 400-MHz ADSP-BF539 and 
ADSP-539F processors run at automo- 
tive temperatures and support Green 
Hills Software's Integrity real-time 
operating system. Two other new fami- 
ly members, the 500-MHz ADSP-BF538 
and ADSP-538F processors, combine 
CAN (controller- area-network), serial - 
port-UART, SPI, two-way, and general - 
purpose-I/O interfaces with dual DMA 
controllers. The first Blackfin processors 
using flash memory, the ADSP-539F and 
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BOARD-TO-BOARD 




www! samtec . com/si 



Intelligent 




Magellan -f 

Motion 

Processors 



DC Servo, Brushless DC, 
Microstepping, Pulse & Direction 

Advanced IC- based motion controllers 

1 , 2, 3 and 4-axis versions 

S-curve, trapezoidal, 
velocity contouring, and 
electronic gearing profiles 

• Parallel, CANBus, serial multi-drop 
host communications 

• Programmable PID, dual biquad filters 

3.3 V operation 

DEVELOPER'S KIT 
AVAILABLE 



The Best Engineered 
Products in Motion 



P M D PERFORMANCEMOTIOMDEVICES 

www, magellan-ic com 



MEDICALAUTOM/ 



ROBOTICS 
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-53 8F incorporate either 512 kbytes or 
1 Mbyte of flash. 

Analog Devices, www.analog.com 



Upgrade adds floating- 
point support and 
a C2H compiler 

□ Version 6.0 of the Nios II EDS 
(embedded-design-suite) processor 
includes 3 2 -bit, single-precision, IEEE 

EDA TOOLS 

Simulator aims at 
RF and microwave- 
circuit designs 

□ Targeting RF and microwave-cir- 
cuit designers, the EMDS (El- 
ectromagnetic Design System) allows 
users to simulate and analyze electro- 
magnetic effects for greater insight into 
their design's performance- The device 
provides information that allows de- 
signers to make adjustments before they 
start physical prototyping, reducing de- 
sign iterations- This initial release of the 
system provides basic design-flow inte- 
gration with the vendor's ADS (Ad- 
vanced Design System), allowing users 
to bring layout designs from ADS into 
EMDS for 3-D analysis. Upgrades for 
the system include increasing levels of 
integration with ADS and the compa- 
ny's Genesys environment. The EMDS 
2006A costs $15,000. 
Agilent Technologies, www.agilent.com 



Part-list-management 
tool adds to 
pc-board tool set 

□ Joining the Cadstar pc-board 
tool set, the Starturn part-list- 
management tool improves the post- 
design documentation process by ex- 



754-compatible floating-point support 
and the Nios II C2H (C-to-hardware- 
acceleration) compiler. It is available as 
a set of Nios II custom instructions. Ac- 
tive subscribers automatically receive the 
Version 6.0 upgrades for Nios II proces- 
sors and Nios II EDS and have access to 
a free evaluation license for the Nios II 
C2H compiler. Annual Nios II subscrip- 
tions cost $495, and the Nios II C2H 
compiler, available as an integrated plug- 
in to the Nios II IDE, costs $2995 per seat. 
Altera, www.altera.com 



porting functions for BOMs (bills of 
materials) in HTML, Microsoft Excel, 
and XML formats with the ability to 
specify which design fields to include. 
The Cadstar drill-drawing function 
generates drill tables within the pc- 
board design and improves the markup 
feature. Drill-drawing exports and 
report generation allow users to cite cir- 
cuit references in multiple places 
within the design. A new "where-used" 
search capability monitors part obso- 
lescence. 

Zuken, www.zuken.com 



IP library targets 

machine-vision 

applications 

Running on an FPOA (field-pro- 
grammable-object-array) chip, 
the vendor's new machine-vision IP 
(intellectual-property) library contains 
a color-space-conversion core and a flat- 
field-error-correction core. The color- 
space-conversion core supports a 1 bil- 
lion/sec incoming-pixel rate, and the 
flat-field-error-correction core supports 
a 500 million/sec incoming-pixel rate. A 
500 million-pixel/sec rate corresponds 
to a 2000x2000-resolution image sen- 
sor at 125 frames/sec. 
MathStar, www.mathstar.com 
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COMPUTERS & 
PERIPHERALS 

500-Gbyte hard drive 
supports a 1.2 million- 
hour MTBF 

□ Available in a 500-Gbyte capaci- 
ty, the enterprise-class WD RE2 
(RAID Edition) SATA hard drive fea- 
tures a 3-Gbps data- transfer rate. The de- 
vice includes 1.2 million hours MTBF at 
a 100% duty cycle. Additional features 
include an NCQ (native-command- 
queuing) feature, a 16-Mbyte cache, and 
a five-year limited warranty. Targeting 
network- attached storage, direct- attach- 
ed server storage, and video-surveillance 
environments, the RE2 SATA hard drive 
costs $349.99. 

Western Digital Corp, www. western 
digital.com 

JBOD products include 
adapters, port multipliers, 
and USB 2.0 controllers 

□ Allowing users to build a multi- 
terabyte external-storage device, 
this new JBOD (just-a-bunch-of-disks)- 
product family features a USB 2.0 con- 
troller, an eSATA port multiplier plus 
RAID5 (redundant-array-of-inexpen- 
sive-disks) controller, and a dual-port 
IDE-to-SCSI adapter. The JBOD USB 
2.0 adapter supports four 2.5 -in. IDE hard 
drives through a high-speed USB 2.0 
connection and is compatible with Win- 
dows XP, 2000, and 2003. Combining as 
many as five SATA hard drives into one 
eSATA connection, the 5X1 eSATA port 
multiplier has a RAID 5, RAID 0, RAID 
1, no-RAID, or JBOD configuration. At- 
taching two IDE hard drives to a SCSI 
bus, the dual-port adapter enables the two 
IDE devices to function transparently as 
SCSI using a single SCSI ID. The drives 
can operate as individual drives or as a 
large combined drive using the JBOD fea- 
ture. The SCSI also supports a 160 Mbps 
maximum data transfer. The USB 2.0 
adapter, the eSATA-port multiplier, and 
the dual-port adapter cost $59, $89, and 
$109, respectively. 
Addonics, www.addonics.com 
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AHIGH PERFORMANCE 
SOCKETS & ADAPTERS 




|« Package Converters SOIC/DIP, 
BGA/QFP, BGA/BGA and more 
I • 10 GHz Bandwidth BGA and QFN 
| • Heat Sinks available up to 100W 
• Adapters for probing/test/prototype 
' Quick-Turn Complex Custom Adapters 
I • High Volume Production Adapters-BGA, 

QFP and more 
I • SMT Package Emulation/Interconnect 

(Tel: (800) 404-0204 • Fax: (952) 229-8201 
1 www.ironwoodelectronics.com 



Instant LCD 




Versatile Programmable Module 
• Serial/l 2 C/USB/Parallel Interface 

• AVR/BASIC Stamp/VB Compatible 

• Onboard Flash Bitmap Memory 
• Downloadable TTF Fonts 
2.7" or 5.6" TOUCH Color TFT LCD 
• 240x160 or 320x240 resolutions 

• Transflective w/ LED Frontlight (2.7") 

• Transmissive w/ 350 nit backlight (5.6") 
• 512 colors or 65,535 colors 




Earth 



We Make \U<nm Work. 7 



Easily create and manage multi-level 
parts lists and specs, calculate costs, 
generate shopping and kit lists, print 
labels, generate RFQs and POs and 
much more... 

Parts Parts List Manager 

VdldOrS an< * ^ en ^ or Database 
Get the full function DEMO at 

www.trilogyclesign.com 



Trilogy Design / 200 Litton Dr. #330 
Grass Valley CA 95945 / 530-273-1985 



USB CANbus I2C RS232/485 GPS 




USB to l 2 C 
for PC's 



NEW! UCA93LV - bus-powered 
USB I2C interface - great for laptops! 
400kHz bus monitoring / addr. filtering! 
Also: PCI93LV - PCIbus version I2C 
| master/slave/bus-monitor. $499.00 



CleverScope - 100 MHz | 

Scope, Spectr.Anal, LogicAnal, & SigGen. 
for PCs. 4 Msamples storage! Easy A-B, 
math! 2 x 10 bit ch, 8 dig. I/P. Opt. 0-10 | 
MHz SigGen. + math + filters. 
CS328 only $999! 



5aelig Co. Inc. 



ph: 1-888-7-SAELIG 
www.saelig.com 



Same Sensor Invented by Polaroid to Focus Cameras! 
Electrostatic Transducer and Drive Module in One 
Complete Package! 

Non-Contact Ranging and Measurement from 6" to over 40'! 
Perfect Sensor for Non-Contact Measurements, Liquid or 
Bulk Level Sensing, Proximity Sensing, Robot Guidance 
We Sell Complete Ranging Kits and Components 

Phone 734-953-4783 

Fax 734-953-4518 
www.senscomp.com 





• Directly work with Thermocouples, Strain gauges . . . 

• 100 M BaseT, FAT file system and CompactFlash. 

• 2.0" x 4.5", C/C++ programmable, 80MHzx86, 

48 24-bit ADCs, DAC, RS232, l/Os. Standalone SBC. 



50+ Low Cost Controllers with ADC, DAC, UARTs, 300 l/Os, 
solenoid, relays, CompactFlash, LCD, Ethernet, USB, motion 
control. Custom board design. Save time and money. 



1724 Picasso Ave., Suite A 
. Davis, CA 95616 USA 



TPP 1\J Tel: 530-758-0180 • Fax: 530-758-0181 
J--LAJ-> www .tern.com wwanB 
INC. sales@tern.com WUB 
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MORE THAN A BOX! 




r CASE SIZES 




FOAM PROTECTION 
SYSTEMS 



ELECTRONIC 

ENCLOSURES i A ^ 

'A 



www.PelicanOEM.com 

Log on or call 800.473.5422 to re- 
ceive a free OEM Solutions Kit. It 
includes foam samples, CAD files, 
and all the information you need to 
learn how you can install and pro- 
tect your equipment in a Pelican 
Protector™ Case. 



r 



£bina Connection... 

PCB Production, 
Assembly, 
Turnkey 



Prototype ~ Production 



D/S PCB ~ 12$ per in 2 
4-L PCB ~ 20<D per in 2 

10 days Delivery w/solder Mask 
NRE not included 
UL Approved 



MYLYDIA INC 



1-800-Mylydia 
sales@mylydia.com 

www.mylydia.com 




Need to build 
a C compiler 
or assembler? 

You can create efficient program- 
ming tools quickly using Archelon's 
User Retargetable Development 
Tools. Or we can help you with the 
work to get the job done faster. 

Want to know more? 

See http://www.archelon.com 
or call us at (800)387-5670 
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realitycheck 



YESTERDAY'S HYPE MEETS TODAY'S REALITY 





STATS Operating altitude: as high as 70,000 ft Commercial deployments: zero 



Broadband from airships: a lot of hot air? 

V| 1 In the late 1 990s and early 2000s, anticipated demand for Internet access ran so high that several companies 

I sprang up with plans to launch high-flying airships that would blanket cities with wireless coverage. The reason- 
ing was that, hovering at 60,000 ft or higher, flying machines could serve an entire metro area at lower cost than a satel- 
lite launch or new wired infrastructure. 

Angel Technologies (www.angeltechnologies.com) planned to use piloted, fixed-wing aircraft, which Scaled 
Composites (www.scaled.com) built. (Scaled Composites later became famous for its SpaceShipOne.) Today, Angel's 
Web site, which remains untouched since 2001 , stands as an artifact of the optimistic era. Now-defunct Skystation 
International, which former Secretary of State Alexander Haig headed, fared no better in its plan to use helium-filled diri- 
gibles. Sanswire Networks (www.sanswire.com) has flown autonomous craft like the one in this photo but has yet to 
serve customers. 

Rapid buildup of terrestrial wireless and wire-line networks closed a narrow launch window for these companies, says 
Craig Mathias, principal with Farpoint Group (www.farpointgroup.com). "But it's still an intriguing idea," he says. "I'm sure 
somebody's going to try it." For example, a stratospheric platform might well suit use in delivering digital-TV channels or, 
given its immunity to terrestrial disasters, delivering emergency-communications services, he says.— by Matthew Miller 
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ALLIED 



your best choice for 
industrial control. 



OPTO 22 



Honeywell 



mPHCENIX 
CONTACT 

INSPIRING INNOVATIONS 



omRon 


IDEC 


red Ipn 


EB 



See section 1? to browse over 80 pages of industrial 
control solutions from these great manufacturers. 



AWED ELECTRONICS® 



With Allied, your electronic and 

electromechanical product solutions are 
unlimited. If it's not in our catalog, 
WE'LL FIND IT FOR YOU. 

1.800.433.5700 alliedelec^com 




Your Black Box 
approach to visual 

embedded design. 




Go from concept to embedded ASIC 
in one hour or less with PSoC Express. 

Start with our Programmable-System-on-Chip™ (PSoC™) 
mixed-signal array: Powerful programmable analog 
and digital blocks with MCU and flash for less than $2, 
replacing thousands of fixed-function ICs. Pair it with 
free PSoC Express software, our revolutionary, code-free 
visual design tool. The result is hassle-free system-level 
embedded design with unprecedented time to market. 
The PSoC Express tool suite provides: 



SPEC 



Development time reduction of 90% + vs. 
competitive toolsets 

Freedom from C and assembly coding, automatic 
code generation with no registers to define, no code 
optimization, and no debug required 

Drag-and-drop access to our library of temperature 
sensors, switches, potentiometers, relays, FETs and fans 

Automatic generation of a datasheet, schematic and 
bill of materials 

Portability to our full-featured PSoC Designer™ tool 



I WANT MY BLACK BOX DESIGN KIT 

For a PSoC Express Development Kit, 
free PSoC Express Software, or to attend 
a free NetSeminar; visit 
www.cypress.com/ad/psocexpress 



DEVELOPMENT TIME COMPARISON 



MPLAB 70 & PIC 18 
PSoC Designer™ 4.2 





66 HOURS 




43 HOURS 











PSoC Express™ 1.1 less than an hour 



Debug 
Software 
I Hardware 



5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

TIME IN HOURS 



PSoC Express can reduce your development time from weeks to less than an hour. 
FAST CODE-FREE VISUAL DESIGN 
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Tach 



25000 rpm 
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BLINKING 


300 to 
5000 rpm 








5000 to 
20000 rpm 




20000 to 






25000 rpm | 



Error 



Visually input external sensors, logic functions, output devices, and I2C 
communications while PSoC Express codes, simulates, and automatically 
programs your application into the PSoC IC. 
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PSoC, Programmable System-on-Chip, PSoC Designer and PSoC Express are trademarks of Cypress Semiconductor Corporation. ©Cypress Semiconductor Corporation. All rights reserved. 



